view is that numerous contacts in a variety of ways is a better approach for the public than 
attempting to present the "whole story" in one or two sessions. (We made the mistake of 
trying to educate parents about the "new raath" by telling them all there was to knc; about 
principles, bases, etc. They choked on the rapid-fire feeding of information. A\» effort is 
being made not to repeat the error.) 

Included in the pamphlet, in addition to general statements about a multiple approach 
to community education, are some specific examples of how it might be carried out. One pos- 
sibility outlihed is a parents' night. In general, there is a brief historical look at 
metric, why the changeover to metric, an audiovisual presentation of the necessary notions 
of metric and where one might find them in use, a discusoion of what adults will need to 
know as they go to the supermarket. (Shopping can be done if one realizes 1 kg is about 2 
pounds. Except for meat, most purchases are made by looking at relative sizes of containers 
rather than the specific capacity or mass. Produce can be weighed, the scale read, and the 
price computed without "knowing" metric. Comparison of prices will be easier in the decimal 
form. If one knows that the price is divided by the measure, then this act can be performed 
without complete knowledge of the metric system or any other system for that matter. (This 
writer would not be satisfied if the knowledge of adults were as limited as suggested here. 
The point is that adults can be operative and that their "whole world" does not have to 
change immediately. Certainly, one would desire the adult community to have a much greater 
understanding of the measurement system.) 

A refreshment period is recommended with suggestions for decorations that are metric 
in nature. This includes placemats, cups, cookies, etc. The final phase of the parent 
night is an open house in the mathematics area where once again several 'suggestions for 
activities and organization are presented. 

Other metric events are described such as a metric fair, metric Olympics, and a 
community metric day. 

The other major section of the pamphlet centers about the media and communication to 
parents. Outlined are ways to present a monthly (or more often if possible) newsletter 
which would describe current student activity, some important metric notion, and a parent 
activity. Alternatives to a school newsletter is the local newspaper where, depending on 
local conditions, student and teacher articles can appear. If a regular column appears in 
the newspaper, a broader coverage is gained for metric. Finally, suggestions appear for 
encouraging the local radio and TV stations to promote metric with the guidance of mathe- 
matics educators. 

Members of NCTM and its affiliates have produced some programs which are worth men- 
tioning. Through an NCTM teacher-center grant the Montana Council purchased and outfitted 
a highway travel trailer. This trailer is manned by Montana members and they put on dis- 
plays and workshops throughout their state. In Edmonton, Alberta, Canada, a locally 
produced handbook on teaching metric is in use. This booklet is of extremely high quality 
and is an asset to their endeavor. The Alberta Council has a "metric trunk" which they send 
to districts on request. Contained are materials and an inservice program so local people 
can produce workshops. The T'ichigan Council has several such trunks but provide the man- 
power to travel about the state giving workshops. 

The Michigan Council's trunks consist of a Metric V'orkshop Kit which are inexpensive 
models and instruments and a monograph to assist teachers in learning the metric system. 
The monograph contains activity cards for use by elementary children. Three metric trunks 
have been prepared for utilization in metric workshops. 

A workshop is designed to fit the specific needs of a particular district. It can 
vary from a 1 1/2 hour presentation to provide awareness of the metric system and an 
introduction of the monograph to a full day inservice session that would provide elemen- 
tary teachers an opportunity to explore the metric system more thoroughly. 

An important aspect of this workshop is that the knowledge and materials can be 
adapted for immediate and inexpensive use in an elementary classroom. The materials in 
each trunk inservice 24-36 teachers and would cost about $120 if a district wished to pur- 
chase similar materials for use by their teachers. Any school system will be able to 
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immediately use all linear activity cards and almost all area activity cards without any 
conunerclally-purchased equipment . 



Conclusion 



The focus is supposed to be "successful experiences in teaching metric." ^^ile thiK 
discussion did not deal with in-class' experiences with children, thero will no doubt be 
some at this conference. Due to my current involvement, the major focus has been on 
teacher inservice education. It is at this point that successful classroom experiences 
begin.. No exemplar lessons or booklets produced will Insure appropriate classroom activity 
The major requirements are that teachers feel comfortable with the metric system, that they 
have the broad view of measurement and how metric fits into the picture, and that teachers 
understand their role in the overall effort to make America metric. It is to this end that 
this writer's effort has been made. Successful experiences for and with teachers provide a 
high probability of successful experiences for children, 
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EXPKRIENCES IN TEACHING THE METKTC SYSTEM IN SGTENCE CUSSES 



Barbara I.ogan 
University of Delaware 
131 Prestbury Circle, Apt. U 
Newark, Delaware 19713 

We are continually reminded that the teaching of the paat decade has not been 
appropriate for tlie world we live in and that it will be less suitable for the future. In 
the area of science education we liave seen sweeping curriculum reform and our presence here 
today indicates tliat we are aware of the cominj» reform in tlie area of measurement. 

Others in this conference have touched upon the need to prepare for metric, opportuni- 
ties for funding, the use of media in teacliing metric and the like. t would like to share 
some activities used in teaching the metric system in science classes tliat I and others 
have found successful. 

In working with science teacliers in workshop settings for the past four years, I have 
encouraged them to adopt five rules in teaching the metric system. 

RULE 1 

Your primary effort should be devoted to helping students to TUTNK METRIC. 

Thinking metric means visualizing relative size in metric units, «o the teacher's 
primary responsibility is to provide tlie learner direct, purposeful experiences with the 
units of the metric system. 

In 1968, a study conducted in Nevada showed that science teachers taught the metric 
system chiefly through discussion and lecture techniques.^ In ail tlie literature on metric 
instruction pouring off the press in the past five years the consensus seems to be that 
active measuring on the part of the students is vital to establishing the concept of the 
metric units. This brings us to - 

RULE 2 

Use the guess and measure technique or in more acceptable terminology: Design dual 
activities of estimation and verification. 

This activity should call upon the student to estimate a measurement then to check his 
estimate by measuring. If you are asked to estimate the height of a room in meters, you 
may make a preliminary estimation of 10 feet. Then you may reason that this is a little 
more than 3 yards and finally report the height of the room as "about 3 meters." This is 
NOT the way to teach today's students to estimate. We want to give them experiences 
leading to instinctive estimation in metric units. And so - 

RULE 3 

Avoid conversion back and forth between metric and U.S. customary units. 

For many years our foreign language teachers have taught students to be bi-lingual; 
there is no reason why they can't learn to operate dual measurement. For sometime there 
will be a need to have knowledge of both systems. However, the attempt to interweave the 
two systems by tedious study and complicated conversion factors is discouraging and sense- 
less . 

RULE 4 

Be consistent! Use metric units in nil everyday situations not just when you're 
studying a unit on metric measures. 

Physics teachers, who have traditionally touched on the metric system, and then, have 
ignored it to teach acceleration due to gravity as 32 feet per second squared and air pres- 
sure at sea level as 15 pounds per square inch will have to make some adjustments. It 
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won't do toL' Che rest of us to announce: "Today, we're going to have a test on the metric 
system so everyone i;it at least 6 feet from your neighbor. 

We can subtly attune our students to metric by requiring 2 cm margins on reports submitted 
instead of the usual 1 in or we can begin to specify paper size as approximately 22 by 
28 cm rather than 8-1/2 by 11 in. In biology and health classes, we can designate vital 
statistics of organisms in metric units. 

RULE 5 

G.i'.ve them what they need when .they need it! 

..Science teachers have tolerated the need to spend time teaching the metric system 
because of the poor background of their students in this area. For many students measure- 
ment has been nothing more than memorizing tables, equivalencies, and key formulas which 
they apply with no conceptual knowledge of how they function. 

No student should be subjected to the entire metric system at once, but at whatever 
grade level you teach, some concept of measurement should be taught and the students should 
learn that concept in metric units. 



Without a doubt, the student ehterine 
high school levels, six to ten years froir .i s 
skills than they are today.. In the mear ' • 
will reinforce and in many cases establi i f 
use this tool efficiently. 



■ tc<j classes at the junior high and senior 
. "! I be better prepared in metric measurement 

'-s:i2nce teachers must design activities that 
concepts so that the student will be able to 



These activities should guide the learner 
measuring experiences. Rather than presenting 
rize, let him derive what he believes ':o be an 
things similar in nature. 



to abstract generalizations from actual 
a host of formulas for the student to memo- 
adequate rule after he has measured several 



Through the activity th.: f.oacher "sees the stage" and then directs pupils in the 
exploration of new ideas, performing experiments and stating generalizations. 



Let us consider a few activities that have been successful for others, bearing in mind 
that grade level is not as important as the level of sophistication the student shows in the 
areas of metric measurement. When considering activities for students in the upper grades 
(junior and senior high school) we must remember that for the most part they have had little 
exposure to metric or at best a negative experience with it. They need experiences which 
are non-threatening and at which they can be successful. 

In the areas of linear measurement, pi ;ir.ary learners (whether age 6, 16, 26 or 60) must 
be led through a series of activities in-ol7fp<: non-standardized units (ribbons, string, 
etc.) to the discovery of the need for some standardized unit. Once they have learned the 
terms meter and centimeter various projects may be used to reinforce the concept of the 
units and the skill in using the tools. Skill in using the tool includes selecting the 
proper tool for the task at hand, e.g., using a meterstick or trundle wheel to measure the 
length of the hallway instead of using a 30 cm rule. 



ACTIVITY 1 
HEIGHT CHART 

Middle school science programs usually include a section on the human body growth and 
development. A class project might include measuring everyone's height in centimeters or 
meters. Students who are more than 100 centimeters tall will allow the opportunity of 
recording height as decimal parts of meters, e.g., Jane: 1.51 m. If this activity is done 
in the fall and a class record is kept, it can be repeated several times during the year to 
compare growth rates. 
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ACTIVITY 2 



BODY FACTS 

Students may be grouped into pairs to measure body parts. Charts depicting arm length, 
head size, etc., can be constructed or graphs showing the relationship of height and arm 
length or age and head size might prove interesting. 

In the upper grades or high school individual charts can *be prepared (Fig. 1).^ Notice 
the column ESTIMATE. The student is asked to estimate each measurement before verifying it. 
He may begin to associate various estimated lengths with body parts. 



Body Facts; How Well Do You Know Yourself? 

Materials: meterstick, metric tape measure. 

Directions: Find the following body measurements in centimeters. (Make an estimate 
first, then check your estimation.) 







Estimate 


Actual 


1. 


Your height 






2. 


The length of your foot 






3. 


The width of your finger 






4. 


The width of your hand 






5. 


The distance around your waist 






6. 


The distance around your wrist 






7. 


The distance around your neck 






8. 


The distance around your chest 






9. 


Your head size 







FIGURE 1 



ACTIVITY 3 
PET MJE:ASURE>fENTS 

Measurement of pet. 

Measuring their pets, (height of dog and cat or length of pet snake) can add interest 
to additional experiences in measurement for elementary science students. Secondary science 
students should be required to keep records of laboratory animals (mice, guinea pigs, 
rabbits, frogs, snakes, gerbils) including length, height, weight, food intake, etc., in 
metric units. 
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ACTIVITY 4 



PLANT MEASUREMENTS 



At the upper elementary level extensive practice in using the measuring instruments 
and recording the data is needed. Plant studies provide opportunities for measuring roots, 
leaves, shoots, amount of water given. Records of this data can then be used for graphing 
experiences. Simple testing devices can then b,e prepared to check progress (Fig. 2).^ 



ACTIVITY 5 



LEAF COLLECTIONS AND METRIC 



In the fall it is easy to cbllect a variety of leaves and use these in science classes 
for hundreds of activities. I^hen pupils collect leaves have them "fix" them by covering 
them with clear contact paper to keep them from wilting or drying out too quickly. 

In addition to the classification activities that can be conducted relative to color, 
veining, edges, and source, we can also ask the student to classify by size. Because it is 
difficult to judge which leaf is "largest" due to variations in length and width, an area 
study can be introduced. (Fig. 3).^ 




Mate?rials needed: 5 leaves, differing In size or shape 

Directions: Label or name the leaves. Estimate how many square centimeters in each 
leaf. Make a table to record your guesses and measures: 



Leaf 



Estimate 



Measure 



a 
b 
c 
d 
e 



-cm ^ 
-cm 2 
_cm 2 
-cm 2 
-cm 2 



-cm 2 
-cm 2 
-cm 2 
-cm 2 
-cm 2 



Now measure the leaves. You may wish to use centimeter grids or paper. 
Complete the table. Make a display for the class to show the area of 
each leaf. 

FIGURE 3 

To determine the area of the leaf: 

1. Pupils place leaf on square centimeter graph paper and trace its outline. 
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2. Estimate the number of blocks it covers. 

3. Count the approximate number of squares. 

4. Repeat this activity with a leaf that the pupil estimates to be about 
the same size. 

If this activity is repeated by using objects with regular sides, the students can be 
led to discover the formula of length x width to determine the area of a regular surface. 
Increasingly more difficult (abstract) problems can be designed by asking the students to 
solve problems involving carpeting or tiling of floors, making floor plans, reading blue- 
prints, planning gardens, etc. 



Perimeter studies can also be done by covering the outline of the leaf with a piece o 
string and then measuring the length of the string used to determine the perimeter of the 
leaf. 



.ACTIVITY 6 



SCAVENGER HUNT 

A fun culminating activity for the study of linear measurement involves a Scavenger 
Hunt. In one method of conducting this activity, the teacher measures a number of objects 
in the room or within a designated area and records these measurements on a checklist for 
the students or on three by five cards. Measurements must be recorded in the proper units 
and it should be indicated if they are other than a length or width. For example, if vou 
measure the circumference of a door knob, it should be indicated that this measurement' is 
a circumference. 



The students, equipped with meterstick, metric rule and string or metric measuring 
tape, are asked to find the object measured within the designated* area . If they locate an 
object that measures the same as indicated on the card or checklist, but is not the actual 
object keyed, they are given credit after proving that the object they found does indeed 
measure the same. It is good to have an award for the individual or team that finds ail 
the items. 



Variations on procedure can include additional practice for the students. Divide the 
class into groups or teams. Assign the teams to various areas to do the initial measuring 
and preparation of scavenger hunt cards. Teams would then exchange cards and try to iden- 
tify the objects keyed by the other teams. 

ACTIVITY- 7 



HOPSCOTCH: A CRUTCH 

Students will need much practice in converting from one unit to another within the 
metric system, from meters to centimeters, etc. In problem situations where students have 
difficulty in correct placement of the decimal point, this Hopscotch may be of help. 
(Figure 4) 

















iciio 


hecto 


deka 


meter 
liter 
gram 


deci 


centi 


milli 



FIGURE 4 

Procedure: 

a. Locate the original unit on one of the squares. 
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b. 



Count the squares to the new unit. 



c. 



Move the original unit's decimal point as many places as blocks 
in the same left or right direction. 



Example:' 5.5 m = 



mm 



a. Place finger on the block marked meter. 

b. Move to the block marked millimeter, counting the blocks as you 
move . 

c. The decimal point is moved three spaces to the right just as your 
finger moved three blocks to the right when going from meter to 
millimeter on the chart. 

Example: 5.5 m = 5500.0 mm 

Admittedly this is a crutch, but for the junior or senior chemistry/physics 



student finding transition difficult, it helps to reduce a great deal of frustration. 

Since there is no distinction in the metric system between dry and wet volume, these 
measures are much easier to teach in metric. All measures regarding volume emanate from 
the basic liter. 



In order to develop the concept of volume, the teacher will need to have boxes of 
different shapes and varying size.^ The students can fill the box with cubic centimeter 
blocks and then count the blocks to find the approximate number it will hold. Many boxes 
should be tested and arranged in order according to the number of blocks that can be 
contained . 

Pupils might next estimate the number of cubes needed to fill a given container, and 
discuss ways of finding how many it will take without actually filling the container with 
cubes. This leads to the rule of multiplying length x width x height to establish volume 

Many experiences of this type are needed before the pupils are completely familiar 
with the concept of volume. As the student progresses, the liter may be introduced as a 
unit of measure for larger containers. 



Display a clear plastic cubic liter container which is graduated in 100 ml divisions. 
Have various other graduated containers available. These should vary in capacity from 
100 ml to 1 Jl and should be filled with colored water. 

Ask the students to estimate which one of the containers of colored water could be 
emptied into the plastic cube, filling it without spilling over. Test the one they select 
and note the number of milliliters it contained. 

Starting again with the empty cubic liter container, fill it to various levels, 
comparing the gradations on the plastic cube to those on the graduated cylinder. 

If the activity is done again, using the centimeter cubes, the teacher can help the 
student relate the cubic centimeter notation to milliliter notation. 



ACTIVITY 8 



BOX UPON BOX 



ACTIVITY 9 



^>fHAT'S A LITER? 
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ACTIVITY 10 
EVERYDAY CONTAINERS 



Additional estimating exercises may be provided through the use of household objects of 
varying capacity, e.g., teaspoon, coffee can, milk carton, juice cans, olive jars, tea cup. 
truit jars, vases, etc., and a set of calibrated measuring beakers. ^ 

Students can measure amount of water each container can hold by using the measuring 
beakers. To find the liquid .volume of the smaller containers, it may be easier for the 
students to first fill the container with water, then determine its volume bv pouring it^ 
contents into the appropriate graduated cylinder. 

After sufficient practice to allow students to be able to eyeball various volumes thev 
may be challenged to pairs of bottles having different shapes. The pairs should be com- ' 
prised of bottles of somewhat different volumes but not so different that it is obvious 
which is larger. A sample record kept by the students may read as in Figure 5.^ 

Bottles Guess Capacity of Capacity of ^^Thich is the 

which is larger 1st bottle 2nd bottle larger? 



A 


& 


B 


A 


450 


ml 


' 425 


ml 


A 




& 


D 


C 


2.3 


J?, 


2.7 


a 


D 


£ 


& 


F- 















FIGURE 5 



A variation or additional activity might involve competition as follows. Select ten 
or twelve items from your collection of containers and identify each by letter or number. 
Have the students estimate the capacity of each in milliliters or liters. 

Divide the class into groups or teams and have each team check the volume of each 
container. Team points may be gained by whoever estimated closest to the actual volume. 
The team with the most points wins and an appropriate award is given. In one instance, 
the award was 100 ml of cola for each member of the winning team. 

ACTIVITY 11 

SHi\PES .\ND VOLU>tES 

Piaget did a great deal of work with young children on building the concept that solids 
with equal volumes can have completely different shapes. It Is interesting to note that 
many of our students at the junior and senior high school level have yet to verify this fact 
for themselves. 

In most physical science programs we can find examples of suggested labs involving the 
methods for measuring the volume of small, irregular shaped solids. Before doing the acti- 
vities suggested in your text, you might provide a bit of a Piagetian experience. 

Prepare 10 or 12 objects in various sizes and shapes with clay and identify each by 
letter or name. Any item heavy enough to float and not be damaged by water can be used 
but the use of clay provides the opportunity to demonstrate a very important principle. 

Several methods might be used in determining the solid volume of an object. The 
student might first place the object in a container and then fill the container to the top 
with water. The object being measured should then be removed from the container and the 
container filled to capacity using a graduated cylinder. The total amount of water needed 
to fill the container with the object removed is recorded and is the solid volume of the 
object. (Figure 6) 
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How to Lose Pounds Without Dieting 



Materials: bathroom scale (metric) 

Directions: Estimate ypur mass. Find your mass on the metric scale. Put your 

name on the chart and color up to your mass. Then find nine friends, 
measure their masses, and record them on the chart. 



100 kg 
95 kg 
90 kg 
85 kg 
80 kg 
75 kg 
70 kg 
65 kg 
60 kg 
M 55 kg 
^ 50 kg 



S 
S 



45 kg 
40 kg 
35 kg 
30 kg 
25 kg 
20 kg 
15 kg 
10 kg 
5 kg 



NAMES 



FIGURE 7 
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Then give them a fun problem like the one below." "(Figure 8) 



How Much Are You Worth? 




If you had a bag full of pennies which weighed the same as you, how much would they be 
worth: What equipment would you need to find this out? Tell what you would do to find out 
Do it. 



FIGURE 8 



One- of the neatest things about the International System of Measurement is the 
relationship: one cubic centimeter of water = one milliliter = one gram. The simplest 
activity to impress this on the mind of students young and old, is found in Physical 

Science: Ideas and Investigations in Science by Dolmatz and Wong. In the activity, the 

student is instructed to weigh a dry graduated cylinder and record its weight, fill the 
cylinder to 100 milliliter mark and weigh it again. They are then asked to determine the 
weight of the water, a simple subtraction exercise. By a series of questions they are led 
through the mathematical steps needed to determine the weight of a cubic centimeter of 
water. 



The student is then given a small plastic cube-shaped container which is exactly one 
cubic centimeter. He follows the same procedure of weighing and recording the empty and 
full container and then determining the weight of the water in the small container. He is 
then asked the question: "How much water do you think is in the container?" His answer 
will be one cubic centimeter. 



When this activity was done with a group of adults, their reaction was, "Oh, how neat." 
For some chemistry students this simple activity was a real help in understanding the basis 
of specific gravity concepts. 
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Your guess: How does 

How the Item Volume in its volume 

Ranks in Milli- Cubic actually 

Item Volume liters centimeters rank: 

A 3 900 ml 900 cm^ A_ 

B 11 150 ml 150 cm3 9 



C 



FIGURE 6 



However, solids are more appropriately measured in cubic units. Since liquid volume 
of one cubic centimeter is one milliliter, it follows that the solid volume of the clay 
object is recorded then in cubic centimeters. 



In another method the students use an overflow can and directly measure the solid 
volume of the object in terms of the amount of water displaced. This then should be 
recorded in terms of cubic centimeters. In the upper levels this activity, coupled with 
one to be mentioned later, lead into a study of specific gravity. 

If the teacher has used clay in the activity described above, he might roll a chunk of 
clay into a ball. Ask the students to find its volume. Then, taking the same ball of clay 
and in clear view of the students, flatten the bnll into a pancake shape, making it clear 
that you have neither used any additional clay nor have you removed any clay. Ask the 
student to decide if the solid volume of the new shape is less than, equal to or greater 
than the solid volume of the ball. This should be repeated until all the students realize 
that changing the shape of a piece of clay does not change its volume. 

In designing activities dealing with mass or weight the same basic procedures can be 
used. Provide sufficient experiences for the student to weigh various objects so that he 
might gain a feel for the gram and kilogram. 

* Once the student has developed a certain amount of skill in using the balance and in 
estimating mass, provide containers filled or partially filled with differing materials. 
Ask the students to order the containers (I use old film cans or pill bottles) by weight. 
Their estimates can then be verified using a balance. 

Don't overlook the obvious. Have the students weigh themselves on a bathroom scales 
calibrated in metric. (Figure 7) 
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Not all activities suit all classes nor all students. Nor do you have to spend a 
great deal of time and energy designing original activities.. Many have been prepared and ' 
a little time spent browsing through the various source^ on the market will supply you with 
sufficient ideas for nearly every level of sophistication that you will meet in vour classes 
At the end of this article, I have included a limited bibliography of sources we' have <^ound 
most useful. 

If we design non-threatening activities through which our students can have some 
successful encounters with metric not.-^tion we may hear our students re-echo the words of 
the student in the limerick: 

There once was a student named Peter 
Who asked, "Why use meter and liter" 
But when he found out 
He let out a shout 

"Cause meter and liter are neater!" 
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METRIC GAMING 



Cecil R. Trueblood and Michael Szabo 
The Pennsylvania State University 
#148 Chambers Building 
University Park, Pennsylvania 16802 

INTRODUCTION 

Traditional learning activities in which students play games and "have fun" have been 
viewed with some skepticism by educators because learning has been viewed as a serious 
rather than frivolous endeavor. Consequently the use of educational games to some teachers 
connotjs students just "enjoying themselves" without attending to any specific purpose or 
educational objective. 

Academic or learning games were first developed by educators in an attempt to associate 
"enjoying learning" with achieving specific cognitive or skill objectives in a manner that 
would recoucile these seemingly incompatible outcomes. Added interest in gaming has 
resulted from the contribution of gaming instruction to the attainment of value clarifi- 
cation (affective) objectives* Learning games as used in the context of this presentation 
may be defined as a small group activity structure in which players use or acquire a body 
of knowledge, skills, and attitudes as resources as they compete/cooperate with other 
players under specified conditions, rules, and procedures. 

We have recognized the applicability of educational gaming to the cognitive, psychomotor 
and affective domains inherent in learning the metric system of weights and measures. 
Through metric games students can learn the structure of the metric system and acquire basic 
measurement skills in a rich and stimulating environment. Therefore, the purposes of this 
presentation are to describe: 

1) the advantages of using metric games; 

2) guidelines educators can use to design metric games: and 

3) ways in which such games can be used by proponents of metric education. 
ADVANTAGES OF METRIC LEARNING G^\MES 

Numerous advantages to educational ^*ames have been cited in professional literature. 
The four advantages with high potential for metric learning games are that they can: 

1) facilitate cognitive learning; 

2) enhance skill development; 

3) act as *a source of motivation, and 

4) affect other variables in the educational environment which i»ave 
considerable impact on learning the metric system. 

The impact of games upon cognitive learning has been documented by Boocock and Schild 
(1968) and Edwards, DeVries, and Snyder (1972). The latter have shown a significant 
increase on several dimensions of mathematics achievement in seventh grade mathematics 
classes. 

Boocock and Schild (1968) have indicated that learning games substantially improve 
those skills which are simulated by or incorporated into games. This factor is quite per- 
tinent to metric gaming since basic measurement and estimation skills are central to 
acquiring competence with the metric measurement system. Indeed, the authors have found 
that teaching of the basic measurement skills (i.e. the nature of any linear area or volume 
unit) is a necessary readiness factor to learning any system of measurement. 

According to Boocock and Schild (1968), the clearest advantage of learning games is 
their ability to motivate students to want to learn. Metric learning games seem to be 
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intrinsically motivating for a number of reasons. First, game participants are required 
to negotiate the games's rules, debate about the correctness of answers and in general 
interact with one another while they engage in a decision-making process. In short, they 
must become actively involved in using the game's metric content to become effective players 

Second, as pointed out by Gordon (1972), gaming provides students with the opportunity 
to exert control and influence over their social environment. That is, their actions switch 
from being passive consumers of knowledge to active decision-makers and information pro- 
cessors. Game participants thus gain a feeling of being a cause of events in a metric game. 
In addition, metric games provide teachers with a chance to have participants experience 
some feeling of success while using the metric system. This positive feeling or attitude 
comes from being able to effectively compete in a metric game and to exert some control 
over the game's outcome. In general, this positive orientation and motivation is trans- 
ferable to other metric measurement activities and helpis the student to build self- 
confidence in his ability to use the metric measurement system. 

Finally, metric games affect other learning-related variables that impact upon the 
total learning environment. It is readily apparent that learning games promote social 
interaction among a game's participants. As teachers already knov, students do learn from 
interacting with their peers as well as the teacher. In the case of metric learning games, 
this interaction would seem to enhance the learning of the game's content, related measure- 
ment skills, and general gaming strategies. DeVries and Edwards (1973) have verified a 
significant peer tutoring effect when students were encouraged to compete with each other 
on a team basis. Thus it is highly likely that metric learning games played on a team 
basis will encourage team members to help peers learn the metric measurement system. 

It has been observed that the correct use of feedback will positively influence 
student's academic growth. Allen (1969) showed that games can result in a significant 
increase in the amount of positive reinforcement in the classroom. Educational games have 
also been shown to result in less perceived difficulty and greater student satisfaction 
with class activities. (DeVries & Edwards, 1973). There is no reason to suspect that 
these general positive outcomes would differ for metric learning games. 

As Gordon (1972) explains, learning games provide the teacher control over various 
feedback options. It increases the teacher's capability of altering the frequency, immedi- 
acy and sources of feedback normally encountered in the typical classroom situation of 30 
students to one teacher. This capability stems from the natural reduction in numbers of 
persons competing for rewards, the student's immediate access to correct answers, and the 
opportunity to observe the strategies and counter strategies employed by other players. 
This implies that after making a move in a metric learning game, a participant immediately 
learns about the correctness of his response and the influence it has upon other players. 

A final note on metric learning games is that they can help overcome resistance to 
change and aid in the development of a sense of relevance concerning what is learned and 
how it will apply to future situations. These two advantages are particularly important 
and related to the adult attitude toward the metrication of the United States. 

GUIDELINES FOR DESIGNING METRIC GAMES 

A set of general guidelines were developed (Szabo & Trueblood, 1975) to enable 
educators to design.,, produce and evaluate metric learning games for specific classroom 
applications. They have since been refined by using inservice and preservice teachers 
attending university courses, workshops and federally-funded inservice programs. Ele- 
mentary and secondary teachers have used the guidelines to produce and evaluate metric 
games and related activities that fit into their metrication curricula. These guidelines 
are discussed in general terms below to focus upon their basic purpose and function. 

Establish Specific Outcomes . Carefully choose instructional objectives from the 
cognitive, affective and psychomotor domains that involve at least two content areas . For 
.example, one could choose the common science and mathematics processes of observing, 
measuring and classifying. This approach which integrates content areas reinforces the 
philosophy that metric measurement is an integral part of our way of life and is not 
isolated to one content area such as mathematics. This integrated approach will conserve 
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instructional time and promote transfer of metric measurement skills from one subject area 
to the other. It Is also helpful to organize these objectives around a common theme 
because common themes are suggestive of other games and can be used to relate metric games 
to other on-going classroom activities. 

Write Simple Rules and Procedures . Rules and procedures are crucial to making a game 
self-Instructional and student directed . It Is essential to keep the rules simple and 
straightforward so that play moves quickly from one player to the next and to promote maxl- • 
mum Involvement In the game. Include In the rules and procedures how the game begins, how 
a player obtains feedback concerning his answers or decisions, and what scoring procedure 
will be used. The rules and procedures are crucial because they determine which player 
strategies will work and fall, the kinds of decision making that will be encouraged and 
what resources the players are permitted to use. 

Use Simple Materials . Most metric games can be constructed by using simple. Inexpen- 
sive materials consisting of some combination of the following: a' playing board or surface, 
the pieces or tokens out of which the game Is built, the decision devices such as dice or 
spinners and the task determiners such as card decks or written Instructions on the playing 
surface. Task determiners communicate whether there Is to be Individual winner or loser, 
and/or collective team effort. They also establish how the pieces or tokens are to be used 
to gain points or to trap an opponent's pieces or tokens during the game. Figure 1 shows 
a typical game board used extensively by the authors. 

Provide Immediate Feedback . Immediate knowledge of results Is one of the key features 
of an Instructional game which provides motivational and instructional Impact. In most 
cases feedback can be built Into a game by using one of the following: an answer deck, a 
student leader whose level of competence will allow him or her to make reliable judgments, 
or the back of task cards used to direct the player's activity. 

Build In Some Suspense . Experience has shown that games enjoyed by the players contain 
some element of risk or chance. This can be Incorporated Into games by' using random deci- 
sion devices such as dice or spinners or by placing Instructions on the game board that 
arbitrarily change a player's status In the competition. Card decks that administer reward 
or penalty points also help create some suspense. These suspense-creating features which 
help keep the difference between the players' scores at a minimum apparently help piake the 
game a "fun game." i 

Have Students Record Diagnostic Information . Supplying each student with a score is an 
Important feature of each game. The score sheets help the teacher to judge when the game 
should be altered to make It more challenging, to decide which players should compete with 
each other, to select student leaders and to decide when to terminate the game. The score 
sheets also supply players with a record that shows Individual scores across each round of 
the game and serves to motivate them to Improve. This feature can be built Into most games 
by using numbered task cards, by having the student leader place cards yielding right 
answers and cards yielding wrong answers In different piles, or by having the student 
leader record the results of each player on a class record sheet. A sample score sheet Is 
Included In Figure 2. 

Create the Game to Allow Variation . Games that allow the teacher to quickly create a 
variation through minor rule or material modifications have the most potential for success. 
This Is true for two reasons. First, It keeps the game from becoming stale because the 
players know all the answers and decision points. Second, the teacher or players can 
modify the game without a large time Investment. 

Evaluate the Game . Try the game with a small pilot group of students. Use the flr5it- 
round score sheets as a pretest. Keep the succeeding score sheet In the correct order. By 
comparing the first with the last-round score sheets for specific students, a decision about 
the achievement of the stated Instructional objective can be reached. Filing the score 
sheet according to the various game's Instructional objectives will provide a longitudinal 
record of a student's progress as well as diagnostic Information for future instruction. 
Finally ask the players If they enjoyed the game by using self-report forms such as a faces 
Inventory or a short questionnaire. 
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(Name) 



(Date) 



(Game Title) 



(Round Numbers) 



Card Number 



Your 
Measurement 



Correct 
Answer 



Number of 
Points 



FIGURE 2. 

Student Record Sheet for Metric Game 
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WAYS OF USING METRIC GAMES 



Potential uses for metric games are limited only by the imagination of the instructor. 
Four ways in which they haveyj)een successfully used include teaching, diagnosis, evaluation, 
and teacher training. 

Teaching * Used in a teaching role, metric games can effectively teach students in a 
variety of areas simultaneously. Basic ^measurement and estimation skills can be learned 
and practiced through games. Cognitive knowledge of the metric system (e.g., units, pre- 
fixes), the interrelationship of the parts of the metric system, and the application of the 
metric system to the acquisition of new knowledge through problem-solving can also be 
taught. Social change and positive attitudes for adopting the metric system with minimal 
social disruption can be stressed using the same learning game. 

Diagnosis . The concept of teacher as diagnostician can be applied through numerous 
testing and evaluating environments , including gaming. A diagnostic approach to teaching 
begins with a diagnosis of learni,ng needs whereas nondiagnostic teaching typically begins 
with some form of norm-referenced instruction. Metric games can be used to identify either 
those areas of inadequate knowledge and skills for a class of students, for smaller subsets 
of the class, or for individuals. Although the latter cases require more teacher time, an 
effective records keeping and materials distribution system can greatly reduce the time and 
work involved. For example, to be used in the diagnostic process, a procedure for recording 
student performance during the first several times students play a particular metric learning 
game should be designed. Obviously the procedure should vary depending upon the type infor- 
mation desired. 

As an example, if the teacher wanted to know whether students knew the meaning of the 
prefixes used with each metric measurement unit, the teacher could simply provide each 
player with a record sheet. These forms when collected at the end of the two gaming periods 
would tell the teacher which prefixes the students know and do not know. Thus the forms 
from each student can be used to decide which prefixes should be encountered most often in 
succeeding rounds of the game by the game participants. 

On the other hand, if a teacher were interested in a student's ability to measure and 
record an object's length correct to the nearest centimeter, the teacher could compare the 
results reported by a student on a score sheet with his or her pre-established criterion. 
The results from several gaming per:J.ods would then show how many other times that particular 
game or a modified version might be used to help students who consistently scored below 
criterion. 

Evaluation . Metric games can 'serve as evaluation instruments to assess learning 
outcomes ^which are expected to result from direct instruction, other learning games, or 
other teaching techniques. As an evaluation device, games can complement or replace tradi- 
tional paper and pencil tests which measure a highly verbal and limited portion of a 
learner's knowledge. That is, they permit the direct evaluation of actual measurement and 
estimation skills and enable the teacher to observe given dimensions of related social/ 
affective behaviors in a somewhat controlled environment. The visual reality and perform- 
ance aspects of such testing may help to ameliorate the academic differences between 
racial, cultural, and social classes which are highly bound up in verbal testing (Semler 
and Iscoe, 1963; Sccurro and Walls, 1971). 

Teacher Training . Teacher training is traditionally viewed as inservice or preservice. 
The former involves practicing and experienced teachers with quite specific educational 
interests and styles. Metric games are quite useful with these teachers in that the games 
are easy to conceptualize, design, and field test. The results are usually so encouraging 
that the teacher is quickly convinced of their value. 

Beginning preservice teachers usually have not yet focused their interest and 
attention on one classroom or school unit and thus need training at a somewhat more dif- 
fuse and abstract level. For them, metric games can be used as a model for mini-curriculum 
development, an alternative to the type of classroom experience so pervasive of recent 
experiences of the university student, and an introduction to a variety of learning struc- 
tures including small groups and individual student attention. 
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Both inservice and preservice teachers have developed and used metric games as one 
component of their professional development. As one example of the former, interdisci- 
plinary metric games for use in various grades with elementary and secondary students. 

Students in elementary raatheraatics education courses at The Pennsylvania State 
University regularly develop metric learning games and acquire a good deal of information 
about the metric system in the process. 

The authors' experience in the use of metric games also included curriculum specialists 
in 'school districts who hold major responsibility for implementation of a metric curriculum. 
Among other considerations, these persons were concerned with the best efforts with a 
cautious eye to spiralling budgets. The appeal afforded by metric gaming to curriculum 
specialists resided in the fact that teachers can develop appropriate games at minimal cost 
(even when extra compensation for curriculum development efforts are counted) to the school 
district. Furthermore, the materials developed seemed more likely to be tailored to the 
unique needs of the particular school districts. In comparison the costs of commercially 
made instructional games and metric curriculum materials are presently quite high and cor- 
responding quality, in the authors' opinion is highly variable with a tendency on the poor 
side. 

An attempt to provide the above information to school administrators resulted in 
presentations of workshops on "Gaming and Metric Education" at the State level (Pennsylvania 
Association for Supervision and Curriculum Development, November 1974) and the National level 
(National Association for Supervision and Curriculum Development, March 1975). These 
sessions were extremely well attended and numerous requests for added information have been 
received . 

A final note on the usefulness of metric games*. The authors concluded early in the 
game that their efforts to train individual teachers would be severely limited by the sheer 
number and geographical dispersion of those to be trained. Thus, the concept of leadership 
training workshops for metric education was developed. The essence of this idea is that 
leadership teams from schools, districts, or intermediate units would be trained to in turn 
conduct metric education workshops with school personnel at the local level. Needless to 
say, the development of metric games plays a large and successful role in these leadership 
workshops. 

At present, the authors have developed a comprehensive plan for metrication of public 
schools on a statewide basis through leadership training workshops. The plan is being 
adapted to meet the needs of an Intermediate Unit (serving 17 school districts) and one 
large and one moderate size school district in Pennsylvania. 
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METRIC IN PRESERVICE TEACHER TRAINING 



Dr. John Lindbeck, Director 
Center for Metric Education and Studies 
Western Michigan University 
Kalamazoo, Michigan 
49001 

I am going to talk to you this afternoon on prescrvice education programs. There is so 
much one can say about this, that what I am going to do is take the liberty of'simply 
describing what we did in the Industrial Education Department at Western Michigan University 
to establish a preservice program in metric education. In talking to industrial trainers, 
training and development people, retail and office personnel who are in charge of training 
programs, one factor emerges: to treat metrication costs and activities as routine business 
expenses. You have heard that many times. If you subscribe to the Metric Reporter , you 
have heard these words spoken and you have seen them written many, many times. This is so 
important to training and development programs in industry; it is equally important to 
training education preservice or inservice in public education. 

It is^a mistake to suggest to your administrators that in order to accomplish metric 
change in your institution, you have to set up an elaborate organization and get special 
funding. While it would be* nice to have money to operate a little more freely, it is impor- 
tant to just take metrication in the stride of a normal, routine, inservice program that you 
have to offer in any school in the country. 

Very specifically, I want to talk to the points in figure 1 as they relate to getting 
a group of fifteen faculty members who know nothing about metric, and welding this group 
into a team that can accomplish metric change most efficiently and at the least possible 
cost. This is the task for everyone associated with preservice programs. By preservice I 
mean the "pipeline" student. We are concerned with the student who is enrolled at Western 
Michigan University in the Industrial Education Department right now who is going to 
graduate as an industrial arts or vocational education teacher, or go into industry as 
training and development personnel. Preservice involves these persons. 

One of our first tasks was to appoint a metric coordinating committee. A coordinator 
should be a person in the department who is committed and interested in metrication. He had 
read about this, he had perhaps attended a few seminars, he vras keenly concerned with what 
should be the approaches and what were some of the problems or issues relative to metrics as 
it pertains to industrial education teachers. 
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To train the faculty was ch® nejct step. One of the first things this committee did was 
to train itself, and they did c\^isi through our Center — si3€ of the faculty members underwent 
a metric seminar training prograi^ that* lasted about 30 hours. They are a very well trained 
group. We were fortunate in being able to handle it that way. Not all schools can and it 
is unfortunate, but there are other options that we can talk about. But the faculty has to 
be trained also, and you have co decide exactly how you are going to achieve this. Are you 
going to take 30 minutes from ea^h of Xour faculty meetings and lock everybody in to an 
introduction to SI and then begin looking at some of the particular concerns as they relate 
tc drafting laboratories, graphic arts, wood technology, metal technology, etc.? There are 
many ways of achieving this also* But one has to give some serious thought to providing 
faculty with the necessary training to do a job. 

Concomitantly, this committed Is developing a metric plan for the entire department. 
Exactly how are you going to achieve this? l^at kind of a time line are you concerned 
about? You are also concerned about cogts — how you can phase costs in and out — remembering 
my first statement, "Treat these norinaX business expenses insofar as possible." Many 
other issues surface as a commttCee begins looking at specifically what the training needs 
for the department are, ^ 

• Planning a student module iB also important. It was decided that the best way to 
effect metrication, insofar as tl^^ student was concerned, was to get a self-teaching program 
for the students. And, fortunately, ' a U.S.O.E, project going on at Western, produced such 
a program,. It was "Going Metric ^Or Students/' It is a self-learning program and it takes 
about a half hour. We had that (?Ption, or there are several commercial booklets available 
which can give a student a prett/^good introduction to SI, We were after a simple overview 
and then locking them into the units they would be most likely to need in an industrial 
education program. We decided on Going Metric for Students package with some modifications — 
we wanted to update it with some °ther materials. We tried it out on some pilot groups and 
It worked well. When a student h^s gon^ through this module, he takes the self-administered 
test, turns it in to any one of grotip of faculty who issues him a little card as a certifi- 
cate of completion. There was sO^^ discussion about giving college credit, but we decided 
against it. 

Planning technical activities Was the next phase, I show ^ou an example as Figure 2. 
We* are looking at a means of providing initial metric learning experiences in, for example, 
a drafting program. The students take three courses and they can take more beyond that if 
they are going to specialize in certain phases of technology. In a first course we give 
them an initial laboratory experi^^ce which takes from two to four hours. I say from two 
to four hours — it depends on what labs they are in. Woodworking lab requires a little less 
than metalworking or the drafting lab so there is a variance there. These are initial ' 
experiences in using measuring co^ls, becoming familiar with the units that are used in 
that particular course, and looki^^S at Product and engineering standards. That is one 
thing we haven^t really talked ab^ut at all here today because most people in the room are 
not concerned about product and ef^gineering standards. We in industrial education are 
because we have to worry about replacement sizes for lumber, for metal tubing, barstock, 
screwthreads, rivets, pressures for welding tanks, etc. Until these standards are developed 
and approved, we can only make intelligent guesses as to what these are. These are some of 
the things that we have to be concerned about. 

Next there is the matter of e^^aluating and modifying as the program commences and you 
get feedback from students. You '^^n make adjustments — you can make changes. For example, 
this is one thing that has alread/ occurred: We had allocated far too much time to helping 
students learn to read a micrometer g^d a vernier caliper. We were considering perhaps an 
hour — you can do it in 15 minutes* Understand, all these students know how to read a cus- 
tomary inch micrometer and verniet* ♦ So ve are not teaching them how to use a vernier cali- 
per or a micrometer. Instead, we ^te showing them that there ate different numbers on the 
tool, so they are going to read iC differently. It didn't take as much time as we thought; 
we modified the program accordin.gJ-y . 

• A final important point is up^^ating our faculty. Let me give you an example. There 
was a workshop in power and energy"~^auCo me'chanics, if you will, and small engines — last 
summer that was heavily oriented tovards matters of metrication as it relates to that whole 
discipline. One of our persons, ch^ person in charge of the power/auto area, went there. 
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We contributed to h.ls expenses. We try to support' people however possible, because it is 
important that you do constantly update theil and keep them apprised of changes. As new 
products in engineering standards come out, for example, we get notification of this 
through the ANSI Reporter or the Metric Reporter : you immediately write for copies of these 
and you make sure standards get disseminated. Everybody who is interested or has to know 
something about these should look at Lhera, 

Now, let me refer you to one of these programs in a technical area (See figure 2) . 
This is partial— it goes on for another page— but I think this is sufficient to give you 
an idea how we structured this. Our concern is merely to set up a series of introductory 
learning experiences. This happens to be In the drafting lab. You can see, "Given the 
metric drawings, students will be able to identify and record metric linear dimensions in 
millimeters, etc. Define and identify the characteristics of the following measurement 
units as they apply to drafting." These are the four units, length measurement units, of 
course, that will be used in drafting. You want them to be aware of these— and you say, 
"^^^^at's the kilometer doing in there?" They do mapping also and so they have to know that 
one. And in some sensitive machining operations they are dealing with micrometers of sur- 
face finish, so that is an important one too. 

Then there is the matter of converting metric dimensions to inch dimensions and so on. 
You will note that there are three other references to converting. We recognize that in 
industrial education programs you have to convert. Because we have dual dimension drawings 
which we are using in industry, and whenever you have dual dimension drawings, a conversion 
issue is at stake and we have to have people understand what this means. We have them 
understand it and achieve some skill in it by making them do it. This is what I am 
concerned about as I speak about conversion. 

I will maintain that the idea of having dual readout micrometers or other instruments 
is not a bad idea. I don't see a great deal of harm in this— there are pros and cons 
certainly. They don't cost any more, they can be used either in customary inch readouts, 
or they can be used in metric. (I don't want to get philosophical regarding this. I am 
trying to be as pragmatic as possible.) If for a teacher in a given situation it makes 
more sense for thnt person to buy dual readout tools, do it. If you are going to achieve 
something with it, do it. Don't be concerned that, "I wonder if I am going to ruin the 
psyche of this little child when ten years from now they are still going to be using that 
inch ruler as a crutch and not be reading the metric scale on it." I don't really think it 
is that serious. If you wish to work in straight metrics, purchase appropriate tools. 

The last point is that with these particular kinds of skills and knowledge forming 
activities we try to make sure that students have a basic knowledge of the units which are 
used, metric units used in that particular program. We also want them to have an under- 
standing and appreciation and a certain amount of skill in the measuring instruments, the 
tools, the machines that are used in that program. In the metal working program, these are: 
the machinist's rule, 150 mm rule, generally; vernier; micrometer; lathes— we have an all- 
metric lathe and we have converted a milling machine with special dials. We want students 
to understand the operation of each of these and actually practice with them by doing some 
things. We have some simple exercises in one program. In another program it is actually 
building a metric product in wood. We want them, furthermore, to understand the elements 
of product and engineering standards which I mentioned to you just briefly. That is very 
important to them. So these three components are reflected in every technical activity for 
a particular area. 

I was very impressed and very pleased to get the report of Dr. Chalupski's project 
dealing with inservice education in Australia and England. I hope he talks briefly about 
the recommendations he makes in the back of the manual which relate to what are some of the 
concerns that Americans should have as they embark upon inservice and preservice educational 
programs. We can learn something from the Australians and from the English who are going 
through this. It is important that we all recognize that there is no one way of achieving 
preservice programming. There are so many ways of having this come about. i am asking 
(1) that you look to that first statfiment T made, and that is to try to treat these as 
normal business expenses and activities insofar as possible, and (2) that you vury early 
get into a planning session, get some kind of strategy or planning group organized at your 
institution. We at Western Michigan University have planned Cor it; when the crunch comes, 
we are ready. We have looked at options; we have even tried some things out. These are 
the hallmarks of successful preservice metric programs. 
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A. Drafting 



The purpose of this educational experience is to assure performance 
of the following tasks by drafting students. 

1. Given a metric drawing, they will be able to: 

a. Identify and record metric linear dimensions in 
millimeters utilizing standard dimensioning practices* 

b. Define and identify the characteristics of the following 
metric measurement units as they apply to drafting: 



c. Convert metric dimensions to inch dimensions using the 
conversion table found on a drawing. 

2. Given a list of dimensions identified by inch or millimeter 
symbols, they will identify the unit of measurement and: 

a. Convert inches to millimeters (multiply inch dimension by 
25.4) and round to the proper number of decimal places in 
the dimension figure for equivalent accuracy. 

b. Convert millimeters to inches (divide millimeter dimension 
by 25.4 or multiply by 0.03937) and indicate the proper 
number of decimal places for equivalent tolerance. 

c. Convert inches to millimeters or millimeters to inches to 
appropriate decimal specifications by reading from a • 
conversion table . 

3. Given a list of standard abbreviations and symbols, they will 
be able to define and explain the application of each. 

4. Given proper tools and a workpiece, they will display the skills 
required to: 

a. Measure identified parts with a metric rule to an accuracy 
of 0.5 mm. 

b. Measure identified parts with a metric micrometer to an 
accuracy of 0.02 mm. 



1. 
2. 
3. 
4. 



mm = millimeter 
Um = micrometer 



km = kilometer 
m =» meter 



Figure 2 
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CONSTRUCTING METRIC EDI/CATION WORKSHOPS - A MODEL 



Phillip T. Larsen 
Center for Metric Education and Studies 
Western Michigan ynivorsity 
Kalamazoo, Michigan A9001 



During the past two y&ars , requests for inservice workshops in metric education have 
increased at a rapid rate. This seems to indicate a growing awareness and need for training 
in metric education on all levels. However, many of the school personnel making these 
requests lack adequate background in the area of metrics to know what kind of training is 
needed for their staffs. Recently a local school superintendent called to Request a work- 
shop In metrics. After raising several questions about his staff and the tvpe of workshop 
he wanted, he interrupted me saying, "Don't make this so complicated. All I want is a stan- 
dard presentation in metrics." A short time later I found out that the school district was 
trying to fill-in a time slot on an inservice day and the superintendent, who recently 
attended a conference, had heard the charge for schools to prepare for the conversion to the 
metric system. This experience along with several others pointed out the need for a plan to 
help school administrators formulate a structure for metric education inservite workshops. 

If the colleges and universities are to be of service to the schools in providing metric 
education, then the needs of each school and/or school district should be determined. Wlmt 
is needed, is a set of guidelines that will enable those responsible for constructing metric 
workshops to plan according to the specific needs of the schools. One way to achieve this 
end is to raise certain questions about the background and goals of both the schools and the 
community. When a request for a metric presentation or workshop is made by a school dis- 
trict, an attempt should be. made to obtain as much background information, by the workshop 
planners, as possible. A form used with the school personnel requesting a metric workshop 
is shown in Appendix A. 

Why do you want a metric education workshop? Very often this question determines 
whether the training staff should even consider any further involvement in the planning and 
conducting of a workshop. Too often those requesting the training want their staffs to 
become involved in metrics for the wrong reasons. To tell early elementary school teachers 
that they will have to know all about SI metrics, practices, prefixes and units in order to 
teach their children, is a wrong reason. The major emphasis for children of this age group 
should be on the development of the concept of measurement with a focus on the development 
of the child and how he learns. 

Once the reason for conducting a metric workshop has been established and appears 
worthy of support, then the objectives of the workshop should be listed. In other words, 
what do the participants hope to get out of the workshop? These objectives can be identi- 
fied by either the requesting school, or by the training staff but in any case these objec- 
tives must be stated clearly and the entire workshop is then built on this foundation. 
The type of workshop is usually dictated by the objectives. The three most common types 
of workshops. Awareness, Orientation and Implementation, may have some similarities in 
structure and content, but the overall goals of the three types of workshops are quite 
different. 

Planning a Metric Workshop 

Although information may not be obtained from all of the questions on the Metric 
Inservice Workshop form, an attempt is made to secure as much background data as possible 
about the schools, students, teachers and community. Some background information has 
proven helpful to the trainers for both planning and conducting the three types of 
workshops. 
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In order to plan an effective workshop, the tollowing information concerning the 
workshop participants Is necessary: the function or type of participants, teachers, admin- 
istrators or instructional Bpecialists; the Qxtent of background of the participants in 
metrics; the number of participants expected to attend; and the reasons or incentives for 
the participants to attend the workshop. 

Poor timing of a workshop may lead to built-in failure for the workshop, A five-hour 
session after the school day, the day before Christmas vacation or an all jiay Saturday 
session for teachers may induce a high level of animosity into the workshop, thereby 
resulting in failure for the workshop. Another possible built-in failure may result from 
the administration requesting the workshop for the teachers. The administration of a city 
school system recently requested an all day orientation workshop to be conducted on a 
Saturday. Fifteen minutes into the workshop, it was quite obvious to the workshop training 
staff that these teaci-^^rs had no interest in metrics, children, education or anything else 
for that matter. They were openly hostile and more rebellious than the children who sit in 
the classroom and defy you to teach them something. In talking to the assistant superin- 
tendent it was learned that the teachers had already attended a number of Saturday sessions 
and that the administration was penalizing the staff for going out on strike earlier in the 
year. In essence the teachers were compelled to attend and they were going to be trained 
in metrics whether they liked it or not. 

Sometimes limitation or restrictions are imposed upon the structure of the workshop. 
Often these limitations are uncontrollable and no one can be faulted for this. However, 
these limitations can be dealt with in such a way as to minimize any adverse effects on the 
outcome of the workshop. The location, types of l^acillties and length of the workshop are 
examples of these. The size, structure and types of room to be used for the workshop may 
make the difference between success and failure. Activities may require flat tables, sinks, 
electrical outlets, chalkboards and/or projection screens. If none of these are available, 
the variety of activities to be conducted in the workshop will be severely limited. 

Most requests for metric workshops include a desire to have hands-on experiences, A 
variety of visual aids and demonstration activities will also encourage a greater degree of 
involvement on the part of the participants. For teacher workshops, too much talking or 
lecturing seems to inhibit the progress of the workshop. As the structure of the workshop 
develops, determination of the content to be covered must be made. Some of the content 
areas that are included in many of the metric workshops are: the status of metrics; SI 
metrics: the concept of measurement; specific measurement concepts suc^' mass, weight, 
length, volume, and temperature. 

The type of collected data discussed in the foregoing ts useful in i^ianning any of the 
three general types of metric workshops. An example of collected data for each of the 
three types of workshops is shown in Appendix B, 

Orientation and Implementation Workshops 

In an Orientation or Implementation W.irkshop participants begin thinking about how 
metrics will affect the school's curriculum, classroom structure and teaching methodology. 
Therefore information about the curriculum programs, textbooks and classroom activities will 
enable the workshop planners to develop a structure that will integrate a metric education 
program into the existing curriculum. As much as possible the workshop design should employ 
teaching strategies consistent with the philosophy of the school district's curriculum. 
This will not only facilitate integration of the metric program into the curriculum but in 
most cases reduce the anxiety of many teachers who feel they will be forced to add another 
program to an already overburdened curriculum. Teachers are also apprehensive about having 
to change their teaching styles or entire curriculum to reflect a dominance of the metric 
system. 

An implementation workshop requires more extensive planning than other types of work- 
shops. Information concerning the background of the teachers will increase the chances of 
the metric education program- being implemented into the classroom. First, community and 
student data is needed by the workshop planning staff to insure an integration of metrics 
into the curriculum in order to achieve the goals and objectives of the school, A second 
very important rt^ason for collecting this background information is to utilize some of the 

56 



natural resources and talents available locally. Trad It iomillv moat area*? of education 
have overlooked the resources closest to them. 

What kind of structure should the metric curriculum have? Should it be an aild^-oii? 
Should it be integrated into the existing program? Should this be a unit in the mathe- 
matics program? These questions must be answered by the school's personnel, usually in 
conjunction with the workshop staff. The needs of the school district are the next* major 
consideration in determining whether the school will adopt a coimnercially prepared metric 
program, a portion of one, or construct both the materials and program in metrics. Unfor- 
tunately much of the materials and programs available in metrics leave something to be 
desired; consequently, many school districts are developing their own metric pros^rams. 

The background of students, teachers and community have now been compiled. Parameters 
for the workshop have been established and the basic structure decided. What is now needed 
is a plan for Implementation into the classroom. This plan is determined bv whether the 
workshop function is to train trainers of teachers in metrics or to prepare* teachers to 
teach metrics in their classrooms. Although there is some overlap in the training of the 
two groups, the major emphasis for each group is somewhat different. Appendix C and 
Appendix D provide examples of some possible characteristics and activities of each of 
the two types of workshops. 

The workshop for teachers should provide them with an opportunity to engage in a 
variety 6f hands-on activities. Many of these activities should be the same as those 
used with the children in the classroom. Practice in developing metric units including 
the writing of course and lesson objectives, lesson plans, and methods of evaluating stu- 
dent progress can reduce the anxiety exhibited by many teachers who are being exposed to 
metrics for the first time, The identification of the measurements concepts and metric 
units to be taught in conjunction with certain areas of the curriculum, and at specific 
grade levels, is an essential activity in a teacher workshop. By the conclusion of this 
workshop each -teacher should have developed a unit that could soon be Implemented into 
his or her classroom. Also the teachers will have accumulated a number of Ideas, materials 
activities and listings of available resources for direct use in the classroom or for 
development of other metric units. 

The workshop for trainers should include most of the teacher workshop activities as 
well as training in: how to conduct a workshop; SI metrics; the rationale for going 
metric; methods for evaluating metric materials; construction of metric activities- and 
techniques for evaluating the usefulness and effectiveness of the classroom metric 
activities. 

There appear to be certain elements that are common to successful workshops. Hands-on 
activities, discussions of the relationship of the experiences to child development, demon- 
stration of various teaching strategies and an emphasis on the development of the concepts 
of measurement are several of the more pertinent common elements of successful metric 
workshops. 

When planning any of the three types of workshop it is worthwhile to determine what 
kinds of follow-up will be needed. If possible, long-range plans should be established 
to insure continuity and efficiency in developing a comprehensive training program in 
metrics that will facilitate the Implementation of the metric program into the school's 
curriculum. Sometimes teachers have had a bad experience in a metric workshop or training 
program and this would tend to inhibit implementation to a greater degree than no prior 
training. If a metric workshop is worth doing, then it is worth doing well. 
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APPENDIX A 



Datd RocelVdd 



Date of Activity 



Contact Person 



Agency 



Telephone 



Address 



Address 



Time 



Level 



Type of Activity 



Area 



Staff 



METRIC INSERVICE WORKSHOP 



Reason for Workshop : 



Objectives of Workshop: 



Type of Workshop: Awareness-Orientation-Implementation- 



Wliat Group of Participants? Teachers-Administrators-Sec Sci Tcach-Sec Math Teach- El Instru 
Spec. -Mid Sch Teach- 

Number of Participants: 

Length of Workshop: 

Participant Incentives: Inservice Day-College Credit-Paid Rate-Union Supported- Cred ^Jal 
Guide- 

Time of Workshop: Day, Day and Hours 

Request Initiated by: Teachers-Administration-Union- 

Workshop Structure: Activities-Hands on Experiences-Discussion-Talk-Film-Filmstrips- 

Transparencies- 

Content Emphasis: Awareness-Status Metrics-Concept Measurement-SI Metrics-Mass-Weight- 

Length-Volume-Temperature-SI Practices-Adv Physics Concepts- 

Location and Facilities: Desks-Flat Tables-Water 

Outlets-Electrical Outlets-Projection Screen-Moveable Chairs-Chalkboard- 

Status of Participants: No Metrics-Aware Metrics-Some Train Metrics-Teach Metrics-Update 
Metrics- 



Textbooks or Curriculum Programs: 

Educational Philosophy: Traditional-Open Class room-Demonstration-Inquiry-Disco very-Lecture- 
Problem Solving- 

Background of Students Teachers Community: 



Structure of Metric Curriculum: K6-K12-Add On-Integrated-Shot Cun-Construct- 
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riaa for Implementation: TRAINERS - TEACHERS 



Long-Range Plans: Orientation-Implementation -Middle School-High School-Entire District- 



'■"■■i 
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APPENDIX B 



Examples of Inservice Workshops in Metric 



VZATOH rCR UORKSll'ir 



\i\At Cmup of Partlcipenu? 

IXrt«r of PAXXlcipant57 
Length of iterJuJKp? 
iMcntive for Participants? 

Zirts of ifaricshop? 

rtsqucst Iftititftort by? 
(torfcsl-iop Stnjctxuro? 



Location and Facilities? 



Status of the PArticlpnntg? 



Textbocka or QirriculuL 
Progrors in School? 



OBJCaiVtS Of W0RX5HOP 



AdalnltertCor* 



23 
1*1 hour* 



(Ion, reb 8 
9:00*i>-10:30«s 



Hands-on AcClvltlci, 
FllB* and Fllsscrtpi 



Scacufr of Mecrics. 
Uadonally, 
In Che Schools and 
CoBsuoicy 



Ada^nlsCraClon Bulld- 
IrK, Cables chalra 
And projeccion screen 



Llcde BacksroCnd In 
oecrlca 



Secondary School 
Sclenca Teacher 



1 dsy 



$6 prt hour for 
acceodaocc 



SaC, June 14 
S:Cl0aA-6:0OpB 



AdslnlscrsCloo 



Hands'-on Accivldaa 
TranEpacenclcs 



H£SS, cclfthc, voluM, 
densicy 

TenperACure and Koreas 



Cencr«l High School, 
CAMca chalra and 
projeccton screen 



-TTfPE Of WOIXSHOP 



Have knowledge of Mcrlcs, 
use in lab and solvlns 
conversion problems 



IKPLEHEWTATIOW 



ElencnCary School 
Tcscheca 
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5,-6 hour dtys 



2 crcdic hours Stats 
University 



(lon-Frl, July 13-lB 
9:00aBi-3:00jn» 



!tostly llsnds'on Activities 
FllB2Crlp9 and Transparenelea 



Lencth. aass. voluse, concept of 
oeasurcsent and related SI nctrlcs 



Uest Side Eleeencary, School, 
ClAscrooa desks, 4 flat tables 
and projection scrseo 



Most pnrdclpants attended an 
awarenesa uorkahop In aatrlca 
Uat March 



Traditional Type Teztbooka Rou«hton«Mlf f Un Readlns Pro- 

in all areas except Science- grass SC1S Science Proeraa and 

BSCS, Chra Stud^r set) paoject a new activity oriented aocUl 

physlca. Introduc.ory course studies progras ar< used. Tba 

to calculua la the hlgheat clencntary pro^rmaa are aoatl/ 

uth course ' activity oriented. 



Wucatiorial Wiilosophy? 
"ifeaching Strategtet? 



Bttdcgrcntnd of Students? 



Stnxrture of ttettic 
Curriculun? 



Inqutry acratcglea snd 

probltoi solvtnt wchoda 
used In aclcnciSs 



Dlacovcry scrjiKjy aoaC pr«valanC 

In the eleaenL..,> school. Child- 
centered and process orlanCed 
approach. 



SCudenls are of average abllicy, 
Intcrcsced in outdoor accivldes aod 
vclcnct;. Taach^rs ar« cooperative and 
work In Jolnc projects. Surburbaa 
comcunicy with llghc Industry and local 
buslnessea. Very supporcive of schools. 
Parents do volunceer work in schools. 



Teachers would like to conacruct thslr 
ow^ currlculua ^"6. The actrlcs misc 
be Integrated Into all areas of th« 
ele&enCary school currlculua. 



Plan for Irplencnt&ticn 
Into The CU&scDcm? 



TiWEIERS - TC«3EPS 



Relate the objectives of the workshop 
Provide th« rationale tor going oecrlc 
Coapsrt custoury units with Mecrlc 
unit s 

Identify Preferred units of LengCh, 

Mass Voluae and Teop^^rsCure In extrice 
•-how technique for evslustlng neCrlc 

■atcrlala 
ConftnicC %ooe tact rlr actlvltlc<( 
Integrate oetrlcs Into the currlculua 
Participate In hands-on activities 
Sh<<w IvalunClon techniques 



unte course obf«ctlvea In aecrlca 

SelecC activities for epcclflc grade levals 

IdcnClfy artlvlCles :haC are r«laCcd 

to specific disciplines 
List neetis. Interests and abilities of 

sCudents 

Develo? a neCrlc unit that InCcgratca 

ercrlca Into all areas of Che currlculua 
ConitcrucC brief dally losB3n plan* In eetrlc 
Cite acChcd for cvalMatlng erudenC prograas*. 



M oricntaticn wort!J-cp for 
teachers in 5 prD3prt ftchcols 
has U?cn plamxi far the fall 
tern. Tlcn m in>ifr»::ntJitim 
wQrkahcfi trm ^nllr.wiri'j suiriir. 



Iters ot 5 tractr<rs. fvcn each 
hiq^. schk»l wtll bf; trAiru'd in a 
opo— wijov vori^bhr^j by the ttadieni 
utm furticifvitfxi in dw Orien- 
tation scsncn. "nx? 5 tsad«:rs 
will irprccont dlffcifnt disci- 
plines in Um> hish ochool. 



rViVt Birmjr a vorVrJon u> train tho 
junior hirth schocl tr*.tcher» has bocn 
pI.wii>J. This Will be a cn<?-wt!ck worlo- 
5ho»i thrtC viU incj..*;^ .'.-J .toAst ono 
totfclwr in cad: di . • -^v for CAch 
jtnior high sctcc^ .».• »'J'vt district* 
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APPENDIX C 
TEACHERS - METRIC WORKSHOP 

Rationale for Te.^ching Metrics 

Common Metric Units 

Concept of Measurement 

Mass, Lengths Volume and Temperature 

Lesson and Course Objectives 

Hands-on Activities 

Selection of Metric Materials and Activities 

Constructing Metric Lessons 

Integrating Metrics into the Curriculum 

How to Use Community Resources 

Evaluating Student Progress 

Metrics in Various Disciplines 

Needs, Interests anrl Abilities of Students 
Metric Awareness Activities 
Experiences Outside of the Classroom 
Mini-metric Lessons in the Home 
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APPENDIX D 



TRAINERS - METRIC WORKSHOP 

How to Conduct a Workshop 

State Objectives of Workshop 

Provide Rationale for Going Metric 

Comparison ~ Metric vs. Customary 

Overview of SI Metrics 

Preferred Units 

Metric Practices 

Concept of Measurement 

Techniques of Evaluation 

Constructing Metric Activities 

Hands-on Activities 

Development of the Child 

Evaluating Metric Materials 

Pacliig in Workshop 

Structures of Workshop 

Integrating Metrics into the Curriculum 

Community Resources 

Teaching Strategies 

Status of Metrics 
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METRIC FOR THE BLIND 



Andre Nadash 
U.S. Metric Association. Mid-Atlantic Regie 
6123 63rd Avenue, Box 356 
• Riverdale. Maryland 20840 



It was a hundred years ago, on May 20, 1975, that the Metric Treaty was signed by 17 

nations. I am fortunate that I belong to two of these nations. I was born and raised in 

Hungary, which became metric immediately; and now I am an American, and we a-e the only one 

T""? practically the last in the world to go metric; but I am glad to 

state that the rest of the metric or metric-going countries accept us as a metric-Roine 

pooul'at-on^nP countries are Brunei, Burma, Liberia and Yemen, with a total 

population or about 35 million. 

U4 u^^ is estimated that there are about AOO million handicapped people on this earth, 
which IS about twice the population of U.S.A. Naturally, this includes every type of handi- 

!hn!!r I'.n nnn '^f,''f'" visually handicapped people, including 

about 1^0,000 visually limited school children. Of the 1.3 million, about 500,Oo6 are so- 
called legally blind, of which only 50,000 read Braille. The reason for this L that a 
majority of the blind people become blind with old age and, therefore, they are not able to 
learn the Braille A part of these people can read large print and a larger part live with 
the so-called talking books, which is actually a record or tape recorder. In the Federal 
and State governments there are about 3,600 blind people employed as operators o£.the 
vending stands. ^ ' 

We are here today to celebrate the 100th anniversary of the Metric Treaty but I'd Uke 
«^"-ir"'' to another anniversary. 1975 is for millions of people in the world 

the Braille year. It was 150 years ago that Louis Braille invented the writing for the 
Jecai"M^nH T*" ' "-""^ ^" ^809, as the son of a tinsmith and 

atnh^Lr ^" accident at the age of three. He was 16 years old when he invented his 

alphabet, six raised points or dots and various combinations of these. Visualize his will- 
power at that time to overcome his handicap that as a young man he even played the organ in' 

minions r 1 ' °' ''"'^ ^" ^f'"" life he created good or 

millions of people and his name will never be forgotten. 

And what a coincidence! Louis Braille was not only a Frenchman but who lived at the 
time when the metric system, which was developed by the French, was officially accepted bv 
Napoleon and other European countries: Netherlands, Belgium, Luxembourg, Monaco, and Spain; 
and also countries from other continents: Algeria, Colombia and Cuba. 

After this tribute to Louis Braille, let's see what is metric in Braille. It is 
natural that seeing people don't know the Braille alphabet; therefore, I'll start bv giving 
the Braille alphabet. It is not to teach Braille but only for a better understanding. The 
basic of the Braille is built, as mentioned before, on six dots in different variations 

c^ll fr^' I f f '^"^^ " 7x5 mm. The six dots of the 

cell are numbered vertically 1, 2, 3 and second column 4, 5, 6 and looks as follows: 



1- -4 

2- .5 
5* -6 
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The alphabet Is : 



• • • • 



k 



m n 
• • # • 



u 



W X 



• • • • 



It is interesting to note that some of the dots or combinations are not included in the 
alphabet bu,t used as abbreviations or special symbols; such as dot 6, 3 A 5 6, 2 5 6 or 2. 
The reason is simple but it takes the mind of a genius like Braille to work it out. 



Dot 6 is the capital sign 



Dots 5 6 are the letter sign 



Dots 5 4 5 6 are the number sign Dots 5 4 are the slant - it means per 



Dots 2 5 6 are the period 



Dots 2 5 + p is percent (S; 
• • • 



Dot 2 is the comma 



If we come back to the first ten letters of the alphabet, a to j , and we apply the 
number sign before these letters then they become number 1 to 0 : 



• • * 

• • • 



• • • 

• • • 



8 



When we use the capital sign, dot 6, before a letter, it becomes capitalized, as you 
will note later (ampere, volt, watt, etc.) 

Naturally, there are many Braille rules and I' will mention only a few. All rules are 
approved by the so-called Braille authority. The Braille metric symbols must be the same 
every where— but for certain reasons not exactly the same as the SI metric symbols. For 
instance, in English m cannot be used as such for the symbol of the meter. In fact, in 
different metric sentences it has to be used in different ways. 

For example, "The length of this room is 5 m." or "The symbol of the meter is m." One 
of the basic differences in Braille is that the metric symbol precedes the figure — the same 
as our noncal way of pricing by putting the dollar sign before the amount. Therefore, in 
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Braille we will not say 5 m 'but m 5. If we talk about length or other measurements and we 
write the symbol and follow it with the figure, then we do not use the letter sign before 
the m, as it is natural in this case that the m or kg, etc. stands as a measurement symbol, 
but we have to use the number sign before the figure. The length of this room is m, number 
sign 3 4 5 6, and the figure 5. But, if we say the symbol of the meter is m, then the m 
has to be preceded with the letter sign of 5 6, as no figure appears after the m, 

From the above two sentences you see two different usages of the m as the symbol of the 
meter. In one case without a letter sign before it but followed with a number sign and a 
number. In the other case with a letter sign before the m. You'll ask why don't we form 
the second sentence the same as the first. The reason is very simple. The m was "sold out" 
for another purpose much earlier than the Braille metric process began. The 'm alone stands 
for "more" and is a world-wide Braille abbreviation which naturally cannot be changed. 



Any figure we write in Braille has to be preceded with the sign for which the figure 
stands, for instance the m, 1, kg, etc. In other words, and this is very important, in 
Braille the symbol comes first every time. 



'Hie length of this room is 5 m. 

in Braille m 5 (m + number sign + 5) 

• • • • • . 

• • • • • • 

The symbol of the meter is m, 

in Braille (letter sign + m) 



Exponents like in m'"- or m^ cannot be written in Braille. Either we write it out or we 
use sq m for square meter or cu m for cubic meter, etc. For tempt?rature we either write out 
degree Celsius or dgC, which is accepted in Braille. 

Braille has the same spacing between each word as regular writing but there is no space 
between sign and figure. 

The following are Braille writings of different metric symbols: 



kil0);rajn (kg) gram (g) milligram (mg) liter (l) 

•••• •••• 

.... 

•••• .... .... .... 

milli liter (mi;, meter (m) millimeter (mm) centimeter (cm) 

•••• •••• ••••^ 

• • ? » . • . . .... .... 

• • i> ' . • • . • . • . . . i . 

kilometer (km) kilometer per hour (km/h) degree Celsius C°C) 
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Two or more letters do not g^t a letter sign (ml, mm, cm) unless they can be confuses 
with a Braille abbreviation. 



ampere (A) 



watt (yo 



joule (J) 



hertz (Hz) • ' • • • ■ 



candela (cd) • • • • 



hectare (ha) • • • 



volt (VJ 
kilowatt (kVO 
mega joule (^J) 
kilohert:: (kHz) 
megahertz (MIfz) 
metric ton (t) 



megavolt (MV) 



gigajoulc- (GJ) 
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METRIC IN SPORTS AND PHYSICAL EDUCATION 



?red Burgee 
Frederick High School 
Frederick, Maryland 21701 

As a physical education teacher, I am particularly pleased to be here and to share for 
a few minutes with you a learning experience that the Physical Education Department of the 
Frederick High School has conducted earlier this year. More important, though, I hope that 
. we all realize the potential physical education activities have in providing students with 
an opportunity to experience metric measurements in the areas of recreation, physical edu- 
cation and athletics. 

During the spring of 1974, one of the mathematics teachers at Frederick High School, 
Mr. Clyde Baker, attended a conference on metric. On his return, Mr. Baker made a presen- 
tation to the faculty at Frederick High School. He made certain comparisons to the yard 
and the meter; he explained the status of the metric movement; and, more importantly', he 
challenged each of us to use metric in our classes. I am probably the only person on the 
program today that has never attended a metric conference before and I must take a little 
pride in that, I guess. My previous experiences with metric have been, first, watching the 
Olympic games on TV, as most of us have done. The Olympic games use the metric system 
exclusively. My second experience was advising some of the members of my wrestling team (I 
coach wrestling) when they attend post-season wrestling tournaments where metric weight 
classes are used rather than the customary weight classes used by high schools. My third 
experience with metric has been that, as a swimming instructor I tell my students that the 
American Red Cross recommends when you are diving from a one meter board, you should be 
diving into 12 feet of water. And it is recommended that when you are diving from a three 
meter board, you should be diving into 14 feet of water. There' are surely some cross 
references here. 

Following Mr. Baker's presentation, the Physical Education Department of Frederick 
High decided in the. fall of 1974 to conduct a little experiment in metric to try to get 
the reactions of the students to listening to the results of athletics contests in terms 
of metric, and to familiarize them some with metric measures. We chose two groups to 
participate in this little experiment. One— a group of girls; one — a group oU boys. Both 
groups were in grades 10 through 12. The girls participated in two parts of the national 
physical fitness test. This was a soft ball throw and the standing broad jump. These 
tests were conducted by Ms. RaeAnn Rippeon who is a female physical education teacher at 
our school. For my area, I selected the punt, pass and kick competition which, of course, 
is football. 

Our intentions in this experience were -not to get the students involved in trying to 
convert metric measures we vere going to give them to feet and inches. The only conver- 
sions that were done in this experiment were done by myself — in an attempt to change the 
existing feet and inches measurements for the soft ball throw, the standing broad jump, 
punt, pass and kick into the metric system po the students would have something by which 
to compare. I must give some recognition to Mr. John Maurey, who is an employee of the 
National Bureau of Standards. He heJped me in tny conversions and made my job doing this 
much easier. The only instrument for measure was a 300 foot measuring tape that had metric 
readings on the bottom side of it. Maybe cor this metric conference, I should say the 
metric readings were on r.,.p side of it and the feet and inches were on the bottom side. 

Prior to conduct. . .:he ev .nts I met with my group of men. I pointed out to them that 
the Olympics games wer.; a^.l conducted in metric. I told, them that metric was a thing of 
the future and now wr.s the time for us to get the jump on it — a head start on it. Most of 
the response and discussion that followed were negative. They weren't really sure why we 
wanted to do this; how this would benefit them, etc., but all the students did agree to the 
project and were very willing to help me. 

Usually we conduct the punt, pass and kick competition on a football field. But this 
would somewhat defeat my purposes because football fields are marked off in yards. I moved 
the tournament to an open field that had no markings on it. It took me awhile to explain 
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this to my students also. I schooled my student aidefe briefly on reading the metric system 
or reading the meters. They had a little difficulty at first in their readings. When I 
would throw the football, I was getting things like 58.5 yards and it took awhile for them 
to get the right idea with my corrections, but eventually it came. As we say in physical 
education, the human mind and body will quickly adapt to new situations and I found this 
true with my student aides. Not only this but the other students became fascinated with my 
being able to read using the new system and they all wanted to become involved, and I let 
them do it as they wished. 

If we must measure the results of our many experiments, I would say that what we did 
was successful. I found that small groups of students during the competition were 
gathering in the locker room waiting for the dismissal bell to ring and they were dis- 
cussing the results of their throws and kicks in terms of metric. I approached the groups 
whenever I heard them doing this. I complimented them on their rapid adjustment to the new 
terminology and with one exception I was very pleased with the way they had picked it up. 
One young man, who had thrown the football exceptionally well on a particular day, was 
standing and I approached him and said, "Gee, that was a great throw you made today!" 
Today it went 58.7 meters, an^ he said. "Coach, (he sort of put his head down) 58.7 meters 
isn't too good when you consider that last year I threw it 60 yards." So it is obvious 
that from this statement we in physical education are a long way off. 

We have some work to do but I do feel that the Physical Education Department of 
Frederick High School has surely gotten our feet wet. There is much more to be done and 
next year the Physical Education Department will use metric measv-res for our physical fit- 
ness testing, for our cross country unit, for our punt, pass and kick competition, and 
especially our track and field. Our physical education team has picked as its special pro- 
ject to mark our 440 yard track so that xve can have starting points to run such. events as 
the 1500 meters, the 400 meters. 100 meters. 60 meters, etc. I say that we are going to 
put these markings on our track temporarily because the varsity people have yet to accept 
metric as we physical educators have. I am sure though that in the very near future the 
varsity sports, particularly track*, will be accepting the metric system and that tracks 
will be built and will be measured using the metric measurements. I feel that the metric 
experience in physical education will definitely complement the teaching that is done in 
the other areas. I tfiank you very much. 
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METRICATION AND STATE DEPARTMENTS OF EDUCATION 



Audrey V. Buffington 
State Department of Education 
P.O. Box 8717, BWI Airport 
Baltimore, Maryland 21240 

It's time to "Go Metric," especially in education. This view is obviously shared by the 
educational agencies of all 50 states since some commitment, formal or informal, has been 
made by each of them. Through the cooperation of many persons and organizations the 
conversion to the metric system can be smooth and painless. 




ly 

society formulated a comprehensive plan which was accepted by the State Board of Education 
in October 1974. The State Committee felt very strongly that education should move in concert 
- with public awareness and need. To move too fast could cause confusion and resistance; to 
move too slowly could cause anxiety and delay. Therefore, an annual review of the State 
Metric Plan will be made to evaluate progress and to recommend changes necessitated by 
national plans for and rate of metrication. 

Consideration in a state plan for metrication of public education must be given to 
(1) timing, (2) education, and (3) support. Even then, there will be problems that have no 
easy and immediate solution. 

Timing 

The time allowed in your state for conversion to The International System of Units (SI) 
as interpreted for the United States by the National Bureau of Standards, previously and 
hereafter referred to as the metric system, must be divided into three periods. One period 
must provide for awareness, one for general training, and one for specific training. 

During the awareness period, programs using a soft, low-key approach must be provided to 
overcome fears, reluctance to change, and negative attitudes expressed by professionals in 
the school system and others in the community. The fears and reluctance may result from 
inadequate and/or false information and no doubt are closely tied to the reported costs of 
conversion. The lack of knowledge of SI, its advantages to education and the economy, its 
present and future applications, and the misunderstanding of our one main reason for going 
metric are additional causes. Often, the negative attitudes are a result of school-day 
memories where instruction in the metric system was dull and tedious as a result of emphasis 
on conversion activities between the customary system and the metric system. The assignments 
were difficult and boring due to -the involved calculations and the need for memorization of 
many facts—units of the customary system, unrelated and arbitrarily selected; units of the 
metric system, interrelated and consistent; factors, numerous and "multidigited , " that are 
needed to convert from units in one system to comparable units in the other. 

The concerns can be overcome as their causes are challenged and explained in programs 
provided to meet the needs of the many specific audiences being addressed. 

The general training would provide the information needed in everyday life. It would 
involve instruction in metric units of length, area, volume, mass, and temperature that 
every person should know. It could also provide instruction in units of time, our monetary 
system, and our numeration system, none of which will change. Present and future applications 
of the metric units will play an important part in developing understanding. 

Specific training will be provided to persons who need it at the time when it is needed. 
Business and industry fully support this idea and are focusing on it in their metrication 
activities. In education the specific training needed by persons in the vocation and Lechnical 
fields will vary greatly from that needed by those in the scientific field, ... To require 
all in education to take the same comprehensive course would be costly in terms of money, 
time, and energy and few benefits would be derived. 



69 



Support 



Metrication activities in education are widely accepted when support and encouragement 
are given by the State and Local Boards of Education, by school administrators at the local 
and school level, by institutions of higher education, by educational organizations, by 
parents and by mass media. 

In Maryland, we are very fortunate in respect to support. The State Board of Education, 
as previously mentioned, initiated metrication through the passage of a resolution. Local 
boards of education, at least all but one, have given full support to the provision of 
inservice activities for employees at all levels, usually with concentration on the training 
of teachers. 

Administrators have cooperated by attending and/or making provisions for others on their 
staff to attend workshops for curriculum development and revision and workshops in content 
and teaching techniques. Many have cooperated in and/or conducted extensive awareness 
programs. "Metric weeks" have been occurring in many individual schools through the efforts 
of teachers and the encouragement of the administration. 

Some programs have already been provided for parent groups at their request. The support 
of many parents will be solicited and, hopefully, received through communications with them 
via meetings, newsletters, programs, school visitations, ... It is imperative that they be 
involved from the beginning to avoid the "backlash" which resulted from the introduction of 
"new math" into the curriculum without their knowledge or understanding. 

In Maryland, we have also been fortunate in that many state and local activities have 
received television and/or newspaper coverage. Much more use of mass media needs to be made, 
however . 

There is no doubt that institutions of higher education will lend their support in the 
provision of preservice and inservice programs for teachers. Close cooperation, however, 
needs to be maintained to assure that these programs provide the information and techniques 
that are being required of Maryland public school teachers. 

Education 

There are three components in education that must be included in metrication plans — 
personnel, curriculum, and materials. 

Persons involved in education at all levels and in all capacities must receive information 
related to the awareness phase at the earliest possible moment. General training must then 
begin according to a comprehensive plan to assure thoroughness, timeliness, and completeness. 

Those persons involved in teaching the metric system at the primary and intermediate 
levels and those involved in mathematics and science instruction at the secondary level may 
need specific training first, with those in measurement-related fields, such as home 
economics, machine shop, drafting, following a close second. 

Whether such instruction is provided by local education agencies or institutions of 
higher education, there must be several objectives that are accepted. Teachers must be 
taught as they are expected to teach; they must be taught using the same totally-metric, 
activity-oriented approach that they are expected to use with students. 

Videotapes of the workshop I conducted repeatedly for many educators in Maryland have 
been given to 3ach local education agency. These can be used for inservice by local education 
agencies and/or individual schools. Similar programs may be provided in other states via 
videotape of ITV. 

In Maryland, the development and revision of curricula is the responsibility of each of 
the 24 local education agencies. This needs to be done at the earliest possible time, 
however, to insure a sequential development of the measurement strand K-12 and to assure that 
skills in decimal and fractional notation and computation have been so sequenced as to 
provide for the best possible programs. The teaching of measurement cannot be a one-shot 
deal but must be a continuous program beginning with the primary grades where many activities 
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are provided which will teach the concept of measurement with emphasis on vocabulary 
development (long, short, longer, shortest, full, ...) and on the use of non-standard units. 
As the need for standard units is realized, formal instruction in the metric system can 
begin. This instruction will be extended in the intermediate grades. Presently in the 
secondary schools, fundamental activities need to be planned for the many students who have 
little or no knowledge of the metric system. The activities is'ill be extended and/or revised 
as the students enter the secondary school with a better and better understanding of measure- 
ment. 

Students in colleges and universities, persons in adult education programs, in continuing 
education programs, and others will also need planned courses in the metric system. These 
must be developed by interested and competent persons in charge of instruction in each of 
these programs. 

The selection of measurement materials to supplement those presently in use and/or those 
available from science kits must be wisely made. Many materials now on the market either 
are not consistent vith already established objectives or are in error due to a lack of 
research and/or expertise. Such materials could do more harm than good if used. 

The Maryland State Department of Education is anxious and most willing to provide 
assistance and advice related to any or all of the areas of concern — personnel, curriculun, 
and materials. 

As mentioned before, even with careful and prompt attention given to all of the above, 
problems may still arise. One will undoubtedly he related to researcli, or lack of it, in 
developing a revised scope and sequence based on required changes in the teaching of 
fractions and decimals necessitated by the Introduction of a base-10 measurement .system. 
Commercial textbook companies are urged to be involved in such researcli and to use the 
results to produce materials that are appropriate and accurate. 

Another problem may be the caliber of classroom instruction. Presently, motivation and 
interest are high on the part of teachers and many are teacliing the metric .system; some, 
unfortunately, without the benefit of recent training and carefully selected materials. It 
is impossible to monitor every teaching situation to see that paper-pencil conversion.^ are 
not being taught, to see that only approved units end s>nnbols are being used, to see tliat 
interesting activities are being provided, ... This problem, I hope, will be short-lived. 

I was asked to share with you my ideas on introducing the metric system into state 
departments of liducation and into mathematics. This I have done. Hopefully, it was 
sufficiently specific to be of value. 

I was also asked to share experiences of recent conversion activities witli you. To date, 
I have provided workshops and/or sessions in the metric system for more than 1600 persons in 
Maryland and for more than 1850 persons in 17 other states, including Alaska where I taught 
a one-semester hour course for the Anchorage School District thrc^ugh the University of 
Alaska . 

Many, many persons come to the workshop witli fear and trembling but, fortunately, with 
a desire to learn. I asked only that each participant keep an open mind and be as actively 
involved as time and space allowed. This approach lias been successful with 99 percent of 
the participants. I observed that the fears and anxieties were primarily related to questions 
like "Why should the United States convert to the metric system?", "Wliat are the advantages 
of going metric?", "How will I learn the system so I can teach it?" Such questions can be 
answered and the persons with whom I have worked seemed to be content witli the answers I gave. 

I have noted, too, that the teachers are really very task-oriented. They want something 
more than fun and games; they want an honest, straight-forward approach to the teaching of the 
metric system which includes content and techniques.- 

State departments of education have a valuable and important leadership role, lending 
support and assistance to any school system that needs and/or requests it. This leadership 
role should reflect the dedication, interest, and desire that exists to make metrication In 
the field of public education efficient, effective, and enjoyable. 
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METRICATION IN A LOCAL EDUCATION AGENCY 



Thomas E. Rowan, Mathematics Supervisor 
Montgomery County Public Schools 
850 Hungerford Drive, Room 236 
Rockville, Maryland 20850 

INTRODUCTION 



Montgomery County is a large suburban school system serving approximately 120,000 
students in grades kindergarten through 12. There are approximately 145 elementary and 
55 secondary schools in the county. Approximately 2200 elementary and 450 secondary 
teachers teach mathematics in those schools. Administrative and supervisory services are 
provided through a semi-decentralizc*! organization which includes a central office and six 
area offices. 



This picture of our county school system is provided only for the purpose of setting 
the scene for the comments which are to follow. Many of the decisions we have made have 
obviously been influenced by the nature of our school system. 

As we considered the question of metrication for Montgomery County Schools, we first 
looked at the question of timing. Should we move ahead without plans, or should we await 
action by the Congress, or at least await action by national curriculum leaders in mathe- 
matics education? We decided that the schools should act now for two basic reasons. First, 
schools have a responsibility to provide thoughtful leadership. They cannot sit back and 
ride with the current. Secondly, the schools must educate students for the future, and the 
future will be metric, w]\ether or not Congress fulfills its responsibility for leadership. 

We began our planning for metrication by first recognizing the need for consideration 
of at least four main categories: community relations, curriculum, methods of teaching, 
inservice, and instructional materials. We placed community relations at the top of our 
list because we felt the metric impact upon the community would be an important factor and 
because we felt community input would be very important in the development of curriculum, 
especially at the secondary school level. 

Community Relations 

One of the first actions taken was the formation of a citizens' advisory committee. 
This committee was proposed to, and approved by, our county board of education, which is 
made up of elected citizens. The discussion of the need for the committee, and the 
eventual report of the committee to the board, served as vehicles to educate board members 
on the need for metrication in the schools. The citizens' advisory committee included 
parents, teachers, representatives of local businesses and industries, a representative of 
the State roads department, a representative from higher education, and curriculum special- 
ists from the school system. An unfortunate oversight was the failure to include elementary 
or secondary school principals. Principals are the school-level instructional leaders in 
Montgomery County, and should have been included. 

The citizens' advisory committee met approximately monthly for a full year and then 
reported to the Board of Education. A calendar for school metrication was proposed, along 
with five recommendations regarding aspects of the change. 



Suggested Calendar of Change - Montgomery County Metric 

10-12 Minimal Metric Training 1974-75 

K-3 Metrication of Instruction 1975-76 

4-6 Metrication of Instruction 1977-78 

7-9 Metrication of Instruction 1979-80 

The proposed calendar attempted to take into account the need for immediate action with 
respect to students who would be graduating within the ensuing few years, and the desir- 
ability of phasing Into a continuous program which would move through the grades with the 
younger children. We now know that, for a variety of reasons, we will not meet the recom- 
mendation for metrication of Kr-3 instruction by 1975-76. We are now planning to meet that 
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recommendation as a county by 1976-77, althou^ many schools within the county will make the 
original deadline. One of the problems which necessitated postponement was related to 
inservice training of teachers. The other committee recommendations dealt with adult edu- 
cation (correlate with- federal legislation - or perhaps school changes), cooperation with 
county government agencies, consulting with non-county agencies, coordination with the 
State Department of Education, and planning in the area of career education. 

Summary of Recommendations - Citizens* Advisory Committee 

1. Offer adult education programs - correlate these with federal 
legislation - work through PTA groups when possible. 

2. Assist county government agencies to train other county employees 
as needed. 

3. Consult with public and private agencies in a consultative capacity 
as need arises and time permits. 

^. Coordinate with the Maryland State Department of Education and meeL 
1980 deadline. 

5. Hake career-related instruction metric as appropriate: lo the 
particular career. 

Curriculum 

The category in which we have probably made our best progress is that of curriculum 
development. One reason that I feel so good about our progress in this category is the 
fact that we ware (and are) in the final stages of revision of our program objectives. 
This means that our metric changes -will be fully incorporated into a curriculum document 
which will be printed and made available to schools in the fall of 1975. Thus the offi- 
cial school mathematics program for grades K-S will be fully metric beginning next school 
year. Some of the main features of the objectives (see Table I) we have established 
include: 

1. Many early experiences with comparisons and non-standard units. 

2. First expectancy of performance with standard metric units in 
grade two. 

3. Introduction of decimal fractions early in grade four and use 
of them in renaming metric units. 

^. Postponement of adding and subtracting common fractions with 
unlike denominators (until junior high). 

5. Earlier introduction of computation with decimal fractions. 

6. Treatment of customary units .is a second mf'asurement system. 

Particular interest has been generated by our decision to begin decimal fraction 
computation in grade four and to postpone addition and subtraction of fractions with 
unlike denominators until the junior high school level. We feel this is a logical sequence 
for a metric curriculum. We could find no practical or mathematical reason to do the com- 
plicated fractional algorithms as early as has been traditional. Our junior high school 
teachers have generally reacted favorably, since they have always ^elt a need to do a great 
deal of reteaching of this part of the program anyway. It may now be possible to approach 
the task with techniques which are more akin to algebra for those sLudents for t-hom this 
would be appropriate. Some people point out that we are now out of phase with texts. While 
this is true, we are hopeful that text authors will move in the same direction soon. It 
seems quite logical that they would. We are also forced to consider the fact that we In 
Maryland have a state-wide accountability program which uses the Iowa Test of Basic Skills. 
After a careful review of the test, we feel that* our fraction and decimal shifts will not 
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COMMON DECIMAL METRIC 

GRADE FRACTIONS FRACTIONS MEASUREMENT 




Cor.ipares 
Equalizes 
•^■Dc:;cribes 



length 
weight 
capacity 
temperature 



iion-standard 
L nits — length 







!l 


meter (m) 
ce.itimeter (cm) 






2 ( CO ) ( 


O CO \ r.on -standard 
O OO J units — weight 








(Comparisons 








1 with liter 


1/2, 1/3.1/4.1/10 kilometer (km) 



writes and orders 

2/3. 3/4, 3/10. 5/10, etc. 
meaning of numerator 
and denominator 



125 t:m = 1 m. 25 r,m 

Oram (g) 
xtlogram (kg) 
liter (I) 



3/2, 1 1/2 

1/3 = 2/6 = 3/9 

9/12 = 3/4 



1/6 + 3/6 
3/2 - 1/2 
2/3 X 1/2 
3/4 = 



0.1. 0.001 



1.35 
+ 2.1 I 



2.68 
+ 5.09 



6.81 
1.08 



0.0001 

IS.OtJG 
3.105 



9.05:5 
2.19:J 



6.813 
X 2.130 



0.75 



1 1/3x5 5/6 



1.2p:.016 



3/4 + 5/6 
7/8 - 2/3 
5/6-^1/8 



extensions 
appiiccUions 
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1000 mm = 1 m 
125 cm = 1.25 m 
sq. cm 
1000 ml = 1 I 



perimeter 

area 
volume 
cm^, cm^ 



metric ton 
1000 mg = 1 g 



applications 
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affect our ITBS scores. What r.ny have a more sev-^^^ in^^^l ^e^^^^ Uni-^^ ^^^^ ^^d^^^^^^ 

in emphasis on customary unit:; of measurement. C^^^^J^^^^ a ^^^^^^^ Ve^.\e^ ^" ^rr^- 



large number of problems at fifth grade level and ^t^^^^' \^ ^ ^\o^ °^ ^'^^^ 

be available? ^ 

Teaching Methods, Inservice Education - 

s C\ Nn ^^^^ a. 

Our emphasis with respect to teaching method^ a-^fnv\/i-^'^^^^^ ^ea^sKv^ 
involvement. We have twelve elementary rqthemati^s^ ^ h vK^^(^^^^^^^ ^h^^ ^^setwi^^ 

courses using activities which ..teachers caa, in j^^^/^i?^ O^l se^^^^ ^e^^^^^^'^ 

school level we have a mathematics resource teach^^ ^or^f ^\\^^^^^ ^-^^^^^s^^^H 0^^^°^' 
All of these resource teachers are employed on a \2^^fi^/ i^n^ ^ ^^^^^fo^^ 
providing inservice programs to teachers on their ^hi^^ ^hey^^lv^^^ 

to have all resource teachers participate in a sun^ v y ^tcshop^ .0^^^ Ve*^^ respon- 

sible to reproduce in their own' schools . Materia^ ^o f n W^^^^' '^he^^ ^its\d^^ 
purchasing six kits which could be circulated Iroxty^^^^'^f W^ypne/ ^X^^^C ^^nt JsuP^"'"^®'^ 
the workshops and gave teachers an opportunity to ^ \ p^^^ch^i^®' 



County we regularly offer inservice courses with Q^^^^ .J j^^V /^^O^^^ ^^^y^^^x Q^Vd ^^^^^^ 
ficate renewal. We began our metric inservice ^^^^^^ a^^^ ^ \i^^'^^^^^t£»*^^ ^^aQ^Vif^^ whi^" 
carried one credit. During the past two years app. ^/.'^ ^^^%re^ th\ir^ hav^ 

taken this course. Others have participated in no^y^L^/\ VU/^^^^^ ^^ve ^^^te ^^tjr ^^^o^^^* 
Earlier I mentioned that we havi 2200 elementary us P^s^ 1^^^^ 

number who have -lOt been inserviced. It is this t^^^ ^ / ^V^/* t^^\^ ,^ ^^Xl ^^^^^ 
implementation of our metric program 'for one year, ^h^// t^\wC^ ^^^^re et\\ ^^^^ ^° 
provide minimal metric training to every elemental,, ^rh^/^^ ^ i^^'^^r o^ 

1975-76 school year. This will enable us to get i^^^y^^ ^ \^\\ "^s 

proposed by the Citizens' Advisory Committee by IQ'^^^ ' 

I have already mentioned the fact that buildtv^ Va^^d ^>\^ ^^^^ ^^tr^^ ^Hsq^ ^i^^^^^^" 
tional leaders in our school... It is therefore ^y}^ J ^^'^^^ftttm^^^^ ^^^lO^ 

these administrators. Duri..^ the present (1974-7S^^^2^^C V^/.lie St^S i^^^^ 

all principals to participate in a metric workshop 2\V/ ^^^HUi?^' ^^icN , 

visor of Mathematics, Mrs. Audrey Buffington. Thi^ a^ Xu^"^ fi^^ ^^P^ .^dude^ 

content, methods, and implementation procedures, t^^)*^^ ^y'^ H t^v ^eX^ in^^^^-^Ce^^t^ ^^11*" 
day workshops, 90% of our 202 elementary and secon^^<^ 

Materials of Instruction 



The final category vhich I mentioned earlier y^^^.^^^/ \ 6 .\ m^^e^^/i^^ ^nuo^.H^fn^^^ 



County we have a process thrcigh which all texts a^^j no Vti \' ^^o^n'" ^he^^*^ '^'^ A 
approved centrally before they can be purchased 0^\yl^£\\^('/e ^^^^l ^^0^^^ it ^o*^ °^ 
work involved in keeping such a system operating, h/^n \\^ / c^^^^ ^o^^ ^^^li ^l^^^e 

have been many metric materials reviewed and rejec^.^^ / y o^ 

lack of relationship to instructional goals. We r^^^ g ^ .q, sy^^^^^ ^^^^ 

which dcitts not include adequate and appropriate ^^^^^^i^y^ ^\}' ^ . '^^^^e ^"^^s 
schon'ir^ receive funds for the purchase of instruct^^^ L^^adi^^b ^ t^^^ldl^V^j ^^^V 

inac-v...>te for the needs, but they do offer the op^i^^^ert ^5^^ ^^^""^"^ ^y-^^^"^^ 1^ ^ 
lection of materials to meet a need such as that ^'^^^ i o^y schoo^^^^^ ^-Pp H 0^ 
effort to get every school started with metric mat^ ^'^hO^ ^/e^^^^-^^ fO^ ®^ch^\<^^^®^ 
during 1974-75. This money was used to buy a-stan^^/^j^^^^'' ^PP^^^tuJi^^^ ^cti^^"^* 

minimal expenditures, they are in addition to regu.)^^/ "^^/^ ^^^^ch 



Unless budgetary problems prevent it, we will give -^^5 t^' a o^^^ ^h"^^ ^u<^^^^^ 
an additional $55 worth of metric materials during -j^^'^^^^J^ Ml <^^;5^ ^^t^^i^"'"^ ^^^^tt^^^""'"^ 



may also be used for metric materials. 
Conclusion 



As you can see, we are making some progress it^ / ^/jtegor^^^ WK^^d 

earlier. We are also involved in activities which ^f^i^f iv\\^ ^0 p^Pe^ ^esjl^Qji ^^^^ 
not yet been mentioned. The curriculum discussion ^ A p^e^ ^^^X^±c^^^^ a^.^lc''^^ 

to the mathematics curriculum. We have also begun ^ ^^0' 
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career education staff is watching developments in the various careers very closely. Our 
physical education staff has done some local school projects using metric measurements and 
plan to move with curriculum changes in the near future. Our driver education staff has 
asked the mathematics division to review its materials so that initial changes may be made 
in curriculum development sessions which are to be held this summer. Resource teachers and 
department heads in industrial and home arts have participated in inservice workshops con- 
ducted by the mathematics staff this year. 

We have one elementary school which requested, and received, permission to become 
totally metric in grades K-3 during the 1974-75 school year. This was done to evaluate 
methods, materials, and student and community impact. The principal of that school, 
Mrs. Kelly Guido , is also on the program of thl^s conference. 

Finally, we are in the process of developing a set of nine television lessons on the 
metric system. These lessons are being produced mainly for use with juniors and seniors in 
high school who are not enrolled in mathematics classes. They are designed to provide a 
minimal metric background to those students. The nine lessons are generally 3-10 minutes 
in length and will be used by the schools on an independent basis. 

All in all, Montgomery County Public Schools are moving toward metrication in a 
reasonably organized and progressive manner. There are some areas in which we need to do 
niore planning and coordination. We are very anxious to have federal legislation so that 
we will know with more certainty how and when metrication will proceed in the community. 
We know this could save us money and improve our community relations, but we are not 
waiting on it. We are moving s^h^iad with the program we feel is appropriate under existing 
circumstances. 
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REMARKS BY SENATOR CLAIBORNE PELL 
at the 

METRIC EDUCATION CONFERENCE 



I am delighted at this opportunity to participate in this conference on metric 
education. . 

As an advocate in the Senate of metric conversion for tlie past lA years, I find thi« 
conference more than encouraging. When I came to the Senate in 1961 and introduced my first 
mtitric conversion legislation, a conference of educ£irors, businessmen, and government 
officials interested in conversion to metric measurcnv?nts could h^ive been amply housed in a 
telephone booth about one meter square. 

Today, the attitude toward metric conversion has changed dramatically in American 
business, in education, and in government. Just two months ago I ?9poko at the First Annual 
Conference of the American National Metric Council in Washington. V'uat meeting was attended 
by several hundred businessmen, including representatives of some of the largest corporations 
in our country. 

General Motors, Ford, Rockwell International, Sears Roebuck — these are among the 
corporations that have already committed themselves to a program of conversion to metric 
measurements . 

And here today, we have a similar gathering of the education community. 

The fact that these meetings are being held and are being r.ntended by leaders in the 
fields of business and education conveys a message: Tlie message is that we are past the 
point of debating whether we should convert in this nation to metric measurements. 

Conversion to metric measurements, I believe, is well underway in the United States. 
The discussion now centers on how we can best manage the conversion to metric measurements 
in business, in education, and in the everyday life of Americans. 

The extent of metric conversion activity — in business, in education, and in state and 
local governments — is, I think, really remarkable in light of the fact that it is taking 
place in the absence of a definitive national policy. 

It is a tribute to the initiative, the foresight, and the energy of the private sector 
and of state and local governments, including educators, that so much is being done to 
prepare for and to implement metric conversion. 

At the same time, I believe there is almost universal 'Agreement that' metric conversion 
would be more effective, and better managed, if the Feder-^.l i 'ument f^ulfilled its 
responsibility to establish a clear national policy for our ' .:m of weights and measures. 

There is a limit to what can be accomplished by the commendable conversion efforts ci" 
individual groups and corporations vithout a framework of national conversion policy aad 
national conversion planning. We are rapidly approaching that limit, and for that reason I 
think it increasingly important that national metric conversion legislation be enacted 
during this Congress. 

It is because of my conviction that tlie Federal government has an essential role to 
play in helping to plan, coordinate, and facilitate conversion to metric measurements, th.-^t 
X have introduced again in this Congress S. 100 — a bill with a nice round decimal numbe •■ 
a metric, conversion bill. 

Ttiis bill is, I believe, the most comprehensive metric conversion legislation intr' Juced 
in the Congress. It calls for a mandatory, 10~year conversion, under a comprehensive plan to 
bf developed by a .tetric Conversion Board, subject to Congressional approval. 

The biir also provides for some measure of government conversion assistance in the form 
of an increased investment tax credit, SSA loans to small businesses, and 3BA grants to 
individual craftsmen and workers to defray retooling expenses. 
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cislaMon fr^if^^^^^s, I must say chat I do not expect chnc the Congress will approve this 
^f! bill, tk^"" ^" ""^'^^^ "^""^ introduced. l uvifi veil aware, when I introduced 

^''Lress. moditications and compromise would be required to gain approval of the 

^?nn I belif^*^ t)eiieved it important, ar the outset, to pl.^ce on the record the legisla- 
cio" ^^Ved ^° optimum, 

„islation^^ question that confronts us in making a prognosis on metric conversion 
Kar kind op^^ ,^^}'^^ cHis Congress will approve metric conversion legislation, but 

vf^^^ ^ metric legislation this Con^.^ress will approve, 

^cress^oe^^® stated, I believe compromises will have to be made to secure passage in this 
^Inoid retr^^^^"^^^ conversion legislation. At the same time, however, I do not believe we 

conversi °T ^^"''^"^^'^er from the long-^term objective— legislation that will assist in 
*^ \«=onable ..^^^ ° , ^"'^ system of measurements to a predominantly metric svstem within a 
^e**=' P.^rio^* or time. 

It is 

, not bee^^ understatement to say that the road to metric conversion in the United States 
^^^retary of ^ smooth one. u was on March 3, 1817, that the United States Senate directed 
^ rly five Semite Jonn Quincy AJ.ms to undertake a studv of weights and measures. Tt was 

nott to Co^^^"^^ I'^K °^ I'^^t^ruary 22 , 1822 , that Secretary Adams submitted his detailed 
^^Lusiastio'^S^^^!'. c Adams, on the basis of his detailed personal study, was an 

e^^^ SuPP^'^ter of the metric system. 

J oCion of^^ Adams recognized the need for compromise and for a gradual approach to 
^ metric s'^^e metric system. Accordingly, although his report brimmed with- admiration 
"^^^red State^^^^i' "® /^^^^^unended adoption of the existing English system in the 
^"rablishmen! "^^^ f Sovernment proceeded with consultation with other nnUons toward 

^ of 3 unitorm, international system based on the metric system. 

'p-rance? ^^^^ report to the Congress; speaking of the adoption of the metric svstem 

in ^ 

But opi^^'^ IS worthy of their acceptance Is beilieved to be beyond question, 
beyond the queen of the world; and the final prevalence of the svstem 

of its boundaries of France's power must await the time when the example 
over th^^"^ practically enjoyed, shall acquire that ascendancy 

HQ Qpi.nion of other nations." 

^scendancv^^' course, v^as correct in his vision. The metric system now has acquired 
r iTiaior t,;. o^^'^ . °Pinion of other nations to the point where the United States is the 
Kin^y ^""-^ ^Qi^^n^etric nation of the world. 

..c^conili^^ ^'nited States, we are now ready, I believe, to make the national 

tiol^ ' ^^ent to convert to a predominantly metric system. 

Ue have ^.^^^^hed this point gradually, step by stop, 

n^eCric^si ^^^^ ^ ^^'^^'^ ^^^^ Senate 14 years ago, my objective in regard to 

.^"^.c'ation .,^tein, was passage of conversion legislation. I was persuaded that conversion 
b %Psentativ^^ immediately possible. As a first step, therefore, working with former 

rehensive^ Ce^'^Se l' . Miller of California, I introduced legislation providing for a 
1GeislA^ scLi^y ot the advantages and disadvantages of conversion to metric. In 1968, 
that ^on adapted. 

thorouRh^^ authority of tha: act, the National Bureau of Standards produced ;in excellent 
^^"^ lerating ^^P^^"" entitled "A Metric Americ;^-" That report has had a profound impact in 
h''^ Fxecutive^^ niovem^;' ::o„ard metric conversion. The study had the effect of persuading 

'evervone ^^^^^''h ^^^^-ate iretric conversion as Administration policy, and the report 
K^'^^.ical POT "metric conversion in the United States is a matter of serious, 
"^^cy consideration. 

t,f^Educar^^'= Congress, we took another step forward— and a very important step. As part 
ah Che 0^" A^"^"d";^"ts of 1974, I proposed a metric education program to be administered 
^hro^^ ^tice ot P'^^ -ation in the Department of Health, Kducation, and Welfare. 
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That program was adopted by the Congress, and it includes this significant statement 
of findings by the Congress: 



"that the metric system will become the dominant system of weights and 
measures in the United States." 

The. bill also included this statement of policy, which I think is equally significant: 

"It is the policy of the United States to encourage educational agencies 
and institutions to prepare students to use tiie metric system of measurement 
with ease and facility as a part of the regular educational program." 

We authorized a modest sum — $10 million a year for three years — for grants to educational 
institutions for metric education programs. The budget for fiscal year 1976, now working 
its way through the Congress, includes $2 million for the first year of the program. 

The Congress, as you can see, has already established as national policy one vitally 
important element in conversion to the metric system of measurements. It is a formal 
objective of the United States to train students to use the metric system. 

I think this is vitally important, because metric education is the bedrock upon which 
any successful and effective conversion to metric measurements must be built. 

It is inevitable, I believe, that the children who today live in a nation of inches, 
yards, and quarts will be living and working as adults in a nation and a world of centimeters, 
meters, and liters. 

One purpose of education is to prepare the children of today for the world of tomorrow. 
If that purpose is to be fulfilled, metric education is essential. 

Another vital phase of metric conversion is adult and public education. Metric 
conversion in the United States will be accomplished over a period of years, probably ten 
years or less, judging from the experience of other nations that have undertaken national 
conversion programs. Obviously, in such a conversion, programs to inform the public 
generally and to retrain workers will be important. 

You educators have an important role to play in conversion to metric measurements. To 
a great extent it will be your job to teach to the American people a whole new language of 
measurements. 

The interest and enthusiasm you have shown by participating in this conference is an 
indication that this is an educational challenge you are willing and able to meet. 

1 o be rully successful, however, metric education must take place within the framework 
oi a comp;.chensive national program of metric conversic:;,, For that reason I think it is 
impor*.,*nt ihat effective metric legislation be enacted by the Ccingress. 

Such legislation, I believ«, should include the following provisions: 

(1) A recognition of the reality of metric conversion that is already taking place in 
this nation. 

(2) Establishment of a formal government policy of conversion to a predominantly metric 
system of measurements within a reasonable but specified time period. 

(3) Government leadership and participation in assisting industry, education, state and 
local governments, and labor in planning and coordinating metric conversion. 

I am optimistic that this 9Ath Congress will be the Congress that will formally adopt 
such a policy. 
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John Quincy Adams, in his 1822 report to the Congress, envisioned the day of a single, 
worldwide system of measurements in which: ''one language of weights and measures will be 
spoken from the equator to the poles, and which will furnish the links of sympathy between 
the inhabitant'' of the most distant regions..." 

When the United States finally begins its conversion to the metric system, that vision 
will be on the way to fulfillment. 
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SUCCESSFUL EXPERIENCES IN TEACHINC METRICS IN HOME ECONOMICS 



Clinita A. Ford 
Florida A&M University 
Tallahassee, Florida 32307 



1. Philosophy 

Education is not static. It is constantly on the move. One of the joys teaching is 
that you are always learning new things or modifying that which you already know or going 
back to the way it was before you changed to the way it is — or you're taking the n<2w and 
making old applications — or even taking the old and making new applications. The .latter is 
about where we are today in the teaching of metrics in home economics. Metrics is an old 
thing that has been around for years. It didn't just happeni We just had not bothered to 
notice it in home economics except where we had to; for example in dietetics the measurements 
are commonly in metric units. 

Now we can see it just over the hill and coincidentally "on the hill," too, where it's 
been stuck for a while. Even though metrics was legalized in the U.S.A. with the Metric 
Act of 1866, it has never been mandatory. Unfortunately, now that new life is being breathed 
into the olds, it has a frightening and terrorizing effect particularly on those who have not 
routinely used metrics. Recognizing this as generally true for home economists, I planned an 
inservice training workshop for home economics teachers in the state of Florida. The work- 
shop, conducted the' summer of 197^, was conceived with the idea of dispelling fear and 
developing receptiveness to metrics. 

Since that beginning point with the intention of offering a two-week teacher training 
workshop, we have found ourselves offering metrics every quarter as a regular university 
course, open to all students. The positive spin offs, side effects, and multiplier effects 
have far exceeded any expectation I had at the time of planning the initial workshop. 



2. Objectives 

It was expected, as a result of the workshop experience that the participants would: 

1. Acquire general knowledge of basic metrics. 

2. Gain fundamental skills in the use of metrics. 

3. Relate basic metrics to the teaching of home economics. 
^. Acquire familiarity with authentic resources in metrics. 

5. Recognize multi-approaches to metrics through utilization of interdisciplinary/ 
interdepartmental personnel. 

6. Experience an involvement in translating metric iLndamentals to the development of 
instructional materials for the teaching of home ew.pnomics. 



3. Faculty 

The workshop residential faculty consisted of university personnel in home economics and 
mathematics. Those in home economics represented several specialization areas, as home 
economics education, home and family, consumer education, food and nutrition, dietetics and 
clothing . 

The consultant staff included (1) academic personnel in mathematics, science education, 
metric education, home economics education, psychology, and metric research; (2) admini.stra- 
tive personnel from agencies such as the Food* and Drug Administration and U.S. Department of 
Commerce (National Bureau of Standards); and (3) national officers from the U.S. Metric 
Association, Inc., the American Home Economics Association, and the American Metric Journal. 
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The residential sUaff began its full time work two weeks prior to the workshop. The 
first week was intensive ipetric training and review of resource materials. The second week 
was used for planning daily activities and preparing instructional materials. 

Together the residential and consultant staffs effectively provided a broad coverage of 
topics and activities in basic metrics. All presentations and class sessions related metric 
applications to aspects of teaching home economics. 



4 . Participants 

The participants included personnel from the state vocational education department, 
inservice home economics teachers, graduate students, student teachers, and a youth group of 
senior high school students. The workshop group, inclusive of participating university 
faculty, provided a complete circuit of representation of personnel involved in teaching home 
economics in secondary schools. 

This provided direct involvement of state department personnel with a teacher training 
activity for program implementation in the high schools. Through this process, the state 
personnel remains actively in touch with what the university is doing in teacher training. 
This is .more meaningful than just a written report of a teacher training workshop. 

The inservice teachers were from schools in various parts of the state. A broad 
geographical coverage is beneficial for broad coverage in the implementation of programs. 
In this way each teacher can serve as a germinator for the implementation of metrics in 
home economics. Additionally, the teachers are assets to the programi5 as a result o^ their 
updating, acquiring ideas for a new program thrust and improving their effectiveness as 
teachers . 

The youth group was involvo(; as full time participants in all activities of the workshop. 
The group served a special purpose as the youth monitor^' or special sen.sorG of the workshop. 
The purpose of this group was to give feed-back as to the ef f ectivenc-Js of our work for use 
with high school students. 

We have learned from other experiences that planning processes should involve the 
consumers of services along with the providers of serv'ces. In this regard, it was 
considered that since the general purpose of the worksiiop was inservice training for teaching 
metrics in secondary schools, it was appropriate to have an identifiable group from those to 
be served actively involved in all processes and secure directly from them reactions as to 
effectiveness . 

The graduate student participants were all in home economics education. Some had teach- 
ing experience and/or home economics extension experience. A few had no professional 
experience. All were in a graduate program preparing for high school teaching. In addition 
to participating as students, they served also as assistants to the workshop faculty and 
consultants . 

Student teachers, who are preservice teachers, through participation in the teacher 
training workshop prior to graduation gained breadth and depth in their preparation for the 
teaching profession. It was an opportunity, toe, for the student teachers to work directly 
with inservice teachers and high school students on a peer basis in class. This was a 
unique feature which worked well. 



5. Organization and Procedures 

The workshop was designed to include basic instruction in metrir.s, audio-visual reviews, 
consultant presentations and individual and group activities. 

consultant presentations were presented in the mornings followed by interaction between 
the consultant and participants. During the two week period the consultant presentations 
included : 




82 



"Visual approaches to metric education/'^ 
"Humanizing metrics: The psychology of change*" 
"An educational challenge; Metrics In home economics." 
"Metrics for the. home economist." 

"status and outlook of metric education with implications for home economics." 
"Consumer metrics and its application in home economics programs." 
"Metrics and life styles," 

"Legislation and implementation of metrics; Impact on the consumer." 
"Metrics in the marketplace." 

"A perspective of metric concepts, standards, and practices." 
"Metrics: New meanings in clothing and textiles." 

Audio visual reviews involved the use of slides, films, filmstrips, transparencies, and 
cassette tapes; covering numerous topics on metrics. Sometimes these were part of the 
consultant's presentation or the instructor's presentation or independent activity of the 
participants . 

Basic instruction in metrics was scheduled for early afternoon followed by individual 
and group activities related to the basic metric Instruction for the day. Primary attention 
was_ given to linear, volume, mass, and temperature measurements as most applicable to home 
economics activities. However, some coverage was given to cubic, force, and square 
measurements. 



The workshop activities were developed to be relevant to all aspects of home economics. 
Emphasis was on those measurements basic to the daily routine activities of the consumer. 
They were plan..ed to stimulate creativity in the expression of metric concepts in home 
economics classes. The participants were encouraged to "think" metrics not to "convert" to 
metrics. 

Group activities were structured for participants to experience several techniques and 
:ipproaches to interpreting metrics to high school students. These included role playing, 
writing radio and television scripts, preparing instructional aids and demonstrating their 
use, designing puzzles and games, and creating numerous other metric materials. 

A metric treasure hunt was a popular group activity. This was conducted in a home 
wherein various household objects were given metric descriptions from which participants had 
to recognize the object described and locate it in the house\ The descriptions were 
challenging and the problems could be solved only through active involvement. 

In a curriculum project, for each of the seven (7) n-.ctric measurements listed above, 
participants prepared a list of suggested metric activities for specific areas of home 
economics. These were on the high school level. This activity provided practical experience 
in applying metric principles to home economics teaching activities. 

A metric resource review activity, conducted for a half day, gave the participanLs the 
opportunity to become familiar with numerous metric materials and equipment available on the 
market. Through handling, examining, and using the resource items they could evaluate the 
usef.ulness of the itfains. Also, accuracy of information was noted. The collection of 
resources included audio-visual materials, .print materials, instructional kits, games, and 
household metric measurement devices. 

The culmination activity was a developmental ^oject designed and made by individual 
participants. It was an opportunity for each to give creation expression to methods of 
including metrics in teaching high school home economics. The projects included charts, 
posters, transparencies, songs, games, mini-bulletin boards, mock-ups, and learning activity 
packages (LAPs). Each project displayed was described on a 5" x 8" index card as to name, 
description, and suggested use. 



6. 



Activities 
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7. Kvaluation 



The tv^aluacion procestses involved as assessment of the eCfeccivcness of the worksliop and 
Che progress of the participants. These were liandled through daily inventories, total work- 
sliop evaluation, and follow-up. 

The daily invontories were short quizzes covering basic metric principles covered the 
previous cliiss day. However, the quizzes on the first and last days were the same, covering 
a broad scope, used to measure participant growth during 'the workshop. Tliose enrolled for 
college credit were evaluated, too, on participation, productivity, and performance. 

An instrument for tlie general evaluation of the workshop war, distributed on the first, 
not tlie last, day of the workshop. The distribution was liaudled in this manner so that 
participants could do an itemized daily evaluation of all aspects of the worksliop. tl\e 
categories items included were: (1) consultant presentations, (2) instructional activities, 

(3) instructional cuntent, anrl (A) support r^orvices. Each of these categories was detailed 
item by it;em. The crlterii uf asse^b.acnt were: (1) contribution to professional growtli, 
(2) expansion of professional knowledge, (3) value to improving effectiveness as a teacher, 

(4) acquisition of new/useful ideas, and (5) interest appeal. Subjective items asked for 
identification of strengths and weaknesses and suggestions for future worksliops. 

The youth group, described earlier, was given a special evaluative Insttament designed 
to assess the relevance of workshop activities for liigh school youth. Tlic first three 
categories of items listed above were used but with criteria different from the general 
ins t r^ ment . 

A follow-up instrument was recently distributed to all liome economics teachers who 
attended the workshop. The responses will provide data on tlie carry over value of the 
workshop and basis for evaluation of the implementation of metrics in teaching home economics. 
Particularly we sl^all note unique approaches and tecliniques, new resources, adaptations to 
grade levels, and applications to various areas of home economics. 



8. Related Activities 

One of the greatest benefits derived from the workshop has been the continuation of 
metric instruction through regular course offerings at the university. A consumer metrics 
course has been offered each quarter since the workshop. One quarter, by popular demand, 
the coarse was of fere; for graduate students. The credit course is opened to all university 
students, irrespective of major. However, it has been incorporated into the home economics 
curriculum as one of the required core courses for all majors. 

Currently, several graduate students engaged in Directed Individual Studies (DIS) are 
preparing the following projects or studies: 

(1) Sound on slide: The 1974 Consumer Metrics Worksliop at Florida A & M University. 

(2) Annotated metric resource guide; charts, posters, and kits. 

(3) Metric motivation for high school home economics. 

(4) Metric involvement of consumer related companies. 

(5) Metric cookbook for children. 

(6) Metric resource bibliography. 

All of the metrics courses are taught jointly by home economics and mathematics personnel. 

The Florida A and M University program ha? been one of the pioneers in the state of 
Floi .da for training home ecoH'^tmics teachers in metric education. We intend --o rontinue and 
expand this effort. We are planning as a sequel to la^t summer's workshop one for this summer 
which will deal exclusively with curriculum and progr n development in metrics. Our goal 
is to keep the home economics teacher equipped to be the greatest service to the Students in 
preparing them for today and tomorrow. 
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SUCCESSFUL EXPERIENCES IN TEACHING METRIC CONFERENCE 



Eugene M, Schanbacher 
Industry and Technology 
Murray State University 
Murray, Kentucky 42071 

INTRODUCTION 

To reflect some of my experiences in teaching metrics, I think it may be helpful to 
indicate some circumstantial factors to better understand why I teach what I teach. Therefore, 
I should like to present for your consideration the following subtopics, which will also set 
a course for this discussion. 

Industrial Arts 

Philosophical Foundations for Teaching Metrics 
Content and Concepts in a Basic Course or Unit 
Implementation Activities of the Classroom 
Some Observ tlons 

In the course of this presentation, I shall refer to industrial arts at the elementary 
and secondary levels as well as the university level. When reference is made to metrics, I 
mean SI metrics. My maJiT objective today is to present several ideas for teaching metrics 
in Industrial Arts and or.her subjects which reflect unlimited possibilities for instruction. 

INDUSTRIAL ARTS 

Since I am representing t!ie curricular area of Industrial Arts, perhaps one of the first 
things I should do for those of you not in this field is define that field of study in order 
that we may develop a general understanding and a base upon whicli we may relate and focus 
our metric attention. 

Industrial Arts is generally considered to be a study of the tools, equipment, materials, 
processes, problems, and occupational and technical Information of industry for purposes of 
general education. It has inherent value for both boys and girls from kindergarten to grade 
twelve and beyond. It is not thought to be "specialized vocational" education; however, it 
can and does serve as pre-vocational education for many students. It can serve as a function 
of exploration of the individual as well as the practical world about him, development, and 
career guidance for virtually all students regardless of their ultimate vocation. 

Industrial Arts includes some of the traditional subjects — drafting, metals, graphic 
arts, wood, electricity, crafts, plastics, and so on — as well as more contemporary innovations 
involving cluster type activity such as World of Manufacturing, World of Constructio'i, 
Study of Industry, Experimentati»on and Research, and many others. We all live, inescapably, 
in an industrial society. 

PHILOSOPHICAL FOUNDATIONS FOR TEACHING METRICS 

There are several premises upon which my metric instruction is based. They are not 
necessarily the ultimate; but they serve as a guide for me, and perhaps some of you may 
profit from them^ 

1. Development of metric concepts rather than conversion concept . Certainly there is an 
occasional need to know how to convert, particularly for those of us who have learned the 
customary system and who relate to it with our tendencies. For the major emphasis, we should 
focus our attention on instruction of the proverbial "think metric" and gain basic skill 
therein. 

2« Metric education should be taught in a manner as simple and uncluttered as possible and in 
those areas in which there is the greatest- need and practical application. Herein lies not 
only a great opportunity for industrial arts, but a rather monumental responsibility. The 
industrial arts laboratory is a place where young people can learn to measure and visibly see 
their results along with direct correlations to practical applications and needs. It is one 
of the really natural and meaningful avenues for teaching metric. 
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3. Metric is a H vstom of meaBurGmout wlilch nhould RCMiura llv purmoa to a ll apnlica tlon fncotH 
of our educational actlvltlea , Metrlca 1h not a mathematlcrt mii7loct. Calculation Is tTiu 
same whether the item be oranges, dollrtra, fuel, or muturH. It Is not a social rtclenco or a 
natural science or even an Industrial artw aubjcct, a^ Huch. lUit It dourt liavu impl icat: iona 
for these and nearly all oi the otlier subjoctt-j and actlvltlos of thi? udncath)ual community. 
Therefore. metrlcH sliould be Implemented where fenslhU— be U in education or In other 
sectors. 

A- tl^G best ways to loa rn metric l.s to u hu me tric. Tlic more a persons uses metric, 

the more chat person will gain skili and confldencf In its use. WUli these attributes, 
un -1 ' stan'llng will follow. 

^ education should ho implem e\i ted as rapidly as feasible les t we continue to 

handicap o ur consumer and our industria'l society , of piuTfcular concTrn anr'T;Tr~pTe7ent 
young workers, our preservlce people, and tliose youngsters who are Just now learning measure- 
ment. It is tliese youngsters who can benefit over the longjst period of time. And 
incidentally, tliis last group may have to learn and then unlearn a greater part of a somewhat 
outmoded measurement system if implementation is delay t?d. 

Too long we have debated the metric Issues lu the past. Currently, tliu issue Is not IF 
or WHIiN, but NOW! and HOW? 

Certainly, there ar^ <^rher guides which iiave merit and can lu' addi.'d to this list. T do 
not profess to* have them 

CONTENT AN'n CONCHPTS IN «;ASIC COVilSV, OK UNIT 

At this point, I : Lke to digress to discuss some of the conditions in wliicli I 

operate so that you p; cand the nature of our studcMLs, and the needs we are attempting 

to serve. In the pa: . .t Murray State University, we have offered a three-semester hour 

worksliop for teach* »-s. / represented elementary througi> i>nst-sucondary levels: social 

science, mathemal les . r':;. .,.rs, Iiome economics, business, vocational-industrial subjects, 
industrial arts, and cthwrs. We offered a three-semester hour course primarily for under- 
graduates but open to gtaduatfb. Thos„ students represented industrial arts, home economics, 
journalism, mining, mnintcnance, chemical technol.>gy, and other industrial workers. In 
addition, we have : somp institutes off campus along with other parallel functions. 

I know of iM .iugle best structure of a metrics course or unit other \A\an th.it of 
following a guidt- lo serve individual needs. Here are some of the various areas or units 
which I teach at the University level, not necessarily in sequential order. 

Status o f conversion . Students should develop a positive attitude about metrication. They 
should know where the United States presently stands in the world relative to metrication and 
be aware of the ill results of a delayed, uncoordinated conversion effort. They should be 
aware of the fact that industry Ls going metric, now, a*-, an increasing rate and that they 
should keep informed of the progress in legislation, policies, and guides as reflectsd by 
various states, organizations, manufacturing companies, and tlie marketplace. Those students 
who have particular interests in a given field can profit from becoming informed of the 
conversion status, standards developed, and so on, of those fields. 

When we think of the United States converting to metric, we frequently get our concept 
out of perspective by considering that we are changing from 100 percent customary to 100 
percent metric. This is not the case. The United States is now metric, perhaps 20 to AO 
percent, and has been metric for years in many fields— photograpl ic equipment, pharr^acy, 
medical, time, electrical, spark plugs, etc. Furtiiermore we probably never will be lOo' 
percent metric—we will probably not change all the mile sections in Oklalioma, or the feet 
measure of property deeds in Kentucky. There are numerous other measurements to which we 
have grown accustomed and will no doubt hold over to the next civilization. After an eight 
or ten year convGr<::Lon program, we will then be perhaps 90 to 95 percent converted. So when 
we L'Unk about this tasl:, we should keep in mind the amount of conversion to take place 
within the eight to ten year period. Would you estimate 50 percent? 60 percent? 65 percent? 
As such, this task Is not so great. 
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y^vi^ ..rtncipU-.. riii'.» 1 tin.' core c.onLunL of lUe course.. This iiicUides: 

1) bast- ten with decl::ial i.-C".cijan tcM 

2) prc'fixtjs and Liieiv vcilucs 
I) base linic 

A ) : ; ;.i ]■} I ciiif II t :i 1 and d i; r i. v c d u n i L s 

'j) symbols 

b) adva!ita>.v.'s oi' tiio i:iotrtc systiM:i 

t wLlL ha^;u-n cu poinc otiL Lhat 1 aLLL-n:>L to k.-cp Lhis an.a as sirnple and basic aM 
possible. Thu sv^acn .ran b.:cu:ue very cnmpU-x aud tUv typical student neud not get thai 
iim,lvud. l.oL mc. il Iwstratu. Major i.^phasi^i In rr.y cinssus is placed on Lhu units with 
whicli students lujvf gtineral neod, namely, U-ngLh ( including area and volume), liquid 
cap.iciLv, mass, an^l possibiv temnorature. it has bec^n estimated that 75 percent ot the 
worhrsmeasurcmenis is confined to these first three units. When dealing with prefixes, 
little time is speat on the tise of those, other than millL, kilo, and possibly micro. One 
pvception nav be the centimeter (cent?) since it is a handy unit uf metric length Wlien 
dealing with' the advantai^es of the system, the coherence and simplicity is ^.tressed, such as, 
i.ne unit timos one unit equals one other nnit (1 m x 1 m - 1 m^). Perhaps tliese xte:;:S will 
suftice to ^'.ive yrju an idea of coverage of metric principles. 

P.rief hi st.^rv of custo-'cirv a j^d jiietric systems . .Many times liistory has a way of turning some 
p7m>TL~rr^';rSr^^^ Therefore, the nature and degree of teaching this aspect must 

be -tempered to tin: needs of the group being taught. .Although the historical aspect is not 
the primary content, it does iiave potential to promote interest, provide humor, develop 
aft Lrii.ative attitude, and rc^Jate to scientific principles or the lack thereof. 

P -ictices for written form of m etrics . When learning the metric system, emphasis should be 
irnni^cri^^nnTrp'^^ particularly the written form. Wliile there are 

instances in whicli an improper usage may cause no significant difficulty, there are other 
instances in which one improper usage could result in a monumental problem. An extreme 
example might he the difference^ between "•megameter" and "millimeter" caused by the capitali- 
zation of an 'V rather than tiie lower case form. We should do well that which we do. 

Correct usage is important to most industrial arts students when learning metric, 
especially if those students are industrial arts tc^achers. This person is frequently pre- 
paK lessons, making drawings, and evaluating te.tbook material. One of the problems we 
{lev. now and will continue to face is the proliferation of incorrect use, examples and 
applications of metrics. 

The priraarv topics upon which I focus attunCion relative to written forra are: (1) 
spell S of uni'ts. 'ynU.ols. and ter™.; (2) capitalisation and punctuatxon; (3 numerals and 
decimal markers; W spacing for numerals, words, and symbols; (5) singular and P^-jf 
forms; (6) preferred multiples; (7) specifications and their sequences; and (8) importance 
of correct usage. 

Metric standards fo r various fields . Some of our standards are available, while many 'more 
are yet'to be established. It ~Tnresirab] e for a course to reflect those standards to a 
degree commensurate with the needs of the studen'.s. A basic industrial ^ ^ .. 

adhere to co™,on standards while a more technical class would be concerned with more c.etail. 
As an example of the latter, a metals class may require standard for threaded fasteners, 
gauges of wire, thickness of metal stock, and so on in considerable detail. 

Practical uti lization . Here, I try to involve students in the utilization of metrics as 
much as possible and'- in a manner of practical, everyday life and occupational activity. 

IMI'LEJIENTATION ACTIVITIES OF THE CLASSROOM 

frame of reference. Mv .students are encouraged to develop a practical and personal frame of 
reference fo- common units. These references serve a better .purpose if they are personal, 
that Is to mean, that the learner.s feel that they are individually theirs. And it only 
foliows that Lhcy serve a better purpose if they are as practical as possible. 
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An ;in rx.itn;. 1 1' , U-t. us tct-purature . All students would probably learn for their 

traiije ot rv f iT'.Mif «• Liu- IhmIIii^', point, freo::i.nK point, nor::ial body temperature, room comfort, 
a iiot day, a coid da>' , and a fcv (.»tii<frs. Kaeli student can add to his list the temperatures 
wiiich relate to i.is interest or tlL-ld^ for example: 

FLsnernan — water temperature tor ^ood" f ish irig or spawning of different species of fish. 
Metal iuri; ist — moltini; point or' selected metals or temperature for quenching a given tool. 
Ctief — coor'.iiiij; and bakini; temperatures of various diyhes. 

As an e>:aiTiple of linear nieasurenit nts , liere is my frame of reference. 



1 


nun 


thickness of a dime 


10 


mm 


width of smallest fingernail 


100 


mm 


width of hand 


,150 


mm 


iiand V.o tip of thumb 


300 


nun 


wrist to elbow 


0.3 


m 


bottom of foot to knee joint 


1 


m 


right shoulder to base of left 


1 


km 


home to parking lot 



f'ersons can arrive at tin!ir own intlividual references. Reference measurements of the 
antitomy are good necause they are usually with a person when he needs to refer to them. 
However, it should be kept in mind that for growing youngsters, they may need to be reminded 
tiiat references will liave to be adjusted as their anatomy changes. 

Other references for clie typical student may include such items as the following: 

The mass of common items around the office, shop, home, or marketplace. 
Usual speeds of automobiles. 

Quantities and sizes of items with which they frequently come in contact. 

T recommend that a frame of reference for a given unit have some diversity and not be 
packed at one or tw9„..,points , unless of course those are the most practical ones. These 
refecences should be consistent and serve as a guide or an approximation. If more accurate 
measurement is needed, a device should be utilized. 

Technique of i:^st imation . In order for a person to think in metric terms, he should not only 
have some understanding of the system but have some degree of competency in its use and 
develop some confidence therein. To accomplish this task, I frequently have activities which 
require students to overtly make estimations, particularly in the early sessions of the class. 
Tiie .primary purpose of this activity is not to make good estimators, although that is not 
necessarily all bad. It is recogniiied that some people cannot estimate well even in 
customary units, but with only a small amount of practice, they can gain some skill. With 
success comes confidence, a positive attitude, and other desirable attributes. This technique 
of estimation interfaces very well with the frame of reference which has been established. 
Knamples of estimation activities are: linear dimensions of wood; thickness of metal; length 
and diameter of wire and rod; mass of bolts, books, area of paper; capacity of containers; 
and nearly any common object available. 

Utilization of metric measurement . -Industrial Arts, being somewhat unique with th-s tools, 
equipment, and materials found in its laboratories, is a natural for learning and utilizing 
metric measurements such as: 

Layout size of lumber with a meter stick 
Drawing a detail to a metric scale 
Set up a saw to cut 25 mm width 
Tapping an M6 metric thread 
. Milling 8.75 mm cut and chocking with micrometer 
Layout printing on metric-sized paper and envelope 
Combining quantities of matt»rial 
Researching products of metric nature 

Tf^e possibilities for teacliing metric in this atmosphere is virtually unlimited. I 
encourage students in my cla.sses to take every opportunity to utilize metric, and I encourage 
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pr >-;.(Tt • VI- itulir.tri.il .itf. M'.u;i.ers Lo dc^iy^n neLrlc prcj.jecLs .ind otiicr nctivities for ase 
In Cfcujiiinr. '.'U'nu-nt .1/ V -iii'l i.-cond-iry sLuilL-nLs. 

iit-re on trMnsparer.clcs nro sainpU-s of some of Lho Instructional, items designed in or 
for iny ;-n-' t r i c c i :i sso s . 

Mi.'trio sciiJ.os for d r.if t In,:: 

!ii-t<il turn in;; d iir.ons iotu'd for t;u.'tric m ic romot L?r use 

;)r'iwinv; of iHL^ti ik; doslgn 

(.: i ui r t, f or me l r i < : 'v' f 1 d iuy, rod 

SntjeLriuit.i I scoop wlLh rioir Lc. sii:os and area 

Ki lonU'tL'r nap of lIk^ Murray area 

10(1 ::itr. cube- of I mass 

Scr.iDhook of articles abouL conversion and standards 
Sv)''!K OKSKKVM IONS 

i'-or Li.c najority of vounger students, I iiave generally "oversold" the metric system. 
p..-,sibiv ho.eause i:io.st of thei!i liad no "cus Lomary" hanj^up. 

\'o "uittc-r viiat amount of evidence vou produce in an adult class, you will probably hav 
.,t loast. onu "joubtinj.^, Thomas" who feels tho metric system will never got off tiiG ground. 

Youi:4 sI'uKmUs 'laVL^ a tendency to pick up metric measurement very quickly. 
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A HAS IS KOK SIJCCKSSFUL TEAClIINf: OK 
Vf)CATI.ONAL MHTiUf: KDirCAT ION' 



Richard A. Dieffeiider fcr 
The Center for ^^ocatlonal LCducatloii 
The f)hio State University 
ColuiDhus. Ohio 432.10 



I n_t roduc t i oii^ 

In presenting what might be described as a basis for successful teaching of vocational 
motric education, there is a need to o.h^tablish a perspective of the problems that are dif- 
ferent from teaching metrics in other elementary and secondary classes. In setting this 
perspective as an objective of this paper: 



1. The scope of vocational education training in the United States 
will be described; 

2. TeachinR success based on performance of job related skills will be 
d is cussed ; 

3. The cont; Iderations involved in determiaing vocationr^l metric content 
vill be presented'; 

A. A series of factors affecting the demand for vocational metric 
education will be reviewed; and, 

5. Suggested activities for stimulating vocational metric education 
will be proposed . 



Within the limitation of reasonable time and length this presentation will attempt to 
set tiuine realistic expectations and goals for implementing SI metric training content in 
vocational education programs. Due to the complexity of the broad field of vocational edu- 
cation, this presentation will attempt to describe metric education problems and concerns 
that occupational training programs have in common. 

The Field of Vocational Education 

Publicly sponsored vocational education programs in the United States provide services 
to some 12,000,000 students in secondary, post-secondary, and adult level training programs. 
In support of this effort there are involved approximately 245,000 professional personnel 
responsible for the teaching, administration , coordination , and development of vocational 
education programs in the States. The focus of this occupational related training covers 
over 200 different vocational education instructional programs divided among seven voca- 
tional program service areas. These broad program areas include: 



1. Agricultural related occupations; 

2. Distributive occupations; 

3. Health occupations; 

A. Consumer and home economics related occupations; 

5. Business and ofrice occupations; 

6. Technical education; and, 

7. Trades and industry occupations. 



At the secondary level these programs emphasize training for entry level employment. 
In the post-secondary and adult level programs emphasis is placed on training for upgrading 
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of worker ski 11-., .iilvari.f il U'<hn i ra 1 t'r<-i I n I , aiul s.:::u' etUrv Icvi.-l L ra I n I nv'. • 

The coLal scope of all occupal loiial Lralniin'. ?'.o i m'. on (n the counLry is i;reat.lv 
increasic'd when we take into cons Ldera t i on other trainin)-, efforts involving: 

1. .Mi I L tar y relaLeil occupational Li'aininr,; 

2. Private trade ^U'ho(.■)ls ami technical institutes; 

:i. I'ederal , statu, and local, t'.ovc rumen t trainini; efforts for — 

a. L'pgradinj! agency personnel; 

b. Trainint'. and information p rot; rams involving tlic public; 
and, rehabilitation and training: programs in special 

y,c hoo Is . 

4. CorresponJ.ence courses in technical areas; 

3. fiominunity volunteer service agencies; and, 

6. Apprenticeship training programs. 

IJv their nature, vocational education programs present a situation in which the 
manipulative skill training and related trade knowledge requivecl to perform occupational 
related tasks on the job form the basis for program training objectives that are: 

M. Easily identifiable in setting the direction of the course Cor the 
instructor; and , 

2. I'resent learning goals that arc recognized and understood by the 
students . 

•i'^^il^ini' Success oe Vocat ional Metric Education Effortg . 

The su';':ess of a vocational education program is based on its ability to meet training 
program objer-tives in helping the student to: 

1. Develop the appropriate level of manipulative skills required; 

2. •■c:.rn trade related information and knowledge; and, 

3. Aci^uire good work habits and develop personal relations with 
other workers on the job. 

The major ^ran.cerns for metric" education in vocational education programs focus on: 

i. Acquiring SI metric measurement skills needed to perform occupational 
related tasks; and, 

t. Developing a knowledge of SI metric needed to "think metric" and make 
judgments, estimates, and comparisons of measurement values in work 
related problems. 

Successful teaching of SI metric content in vocational education programs is to be judged on 
how well the training program has prepared the students to succeed on the job. 

The suggestions and techniques described in other conference papers for teaching SI 
metric measurement skills to secondary school and ^dult learners are highly appropriate to 
students in vocational education programs. A point to be emphasized in vocational edu 
cation is the need for the teaching of SI metrics through a series of practical application 
exercises . 
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Succfsslul Icacliiru'. will also ruquire the application of a certain aMount of eommon 
.sense to avoid makini' the learning; of S! metrics more difflcuJt than It needt^ to he for 
both the teachers and stndents. To avoid such pitfalls emphasis should he placed on: 

L. Activities teacliinc; accurate Ui5a^;e of SI metric termi no.l oj;y , 
prefixes, and symbols in applied measurement; 

2. Adoption of a "think metric** strategy featuring, SI metrics as tlie 
primary reference point for estimating and computing measurement 
values; 

3. Avoid mi.s'placed precision in equating or converting values belMcen 
the U.S. customary and SI metric systems; and, 

4. Avoid Che unnecessary learning of the terms and symbols for all 
metric system prefixes and place values. 

The measure of success for the field of vocational education in the United States .Tietri- 
catlon effort will depend on the ability of vocational educators Co: 

1. Develop and utilize appropriate SI metric curriculum and instructional 
materials; 

2. i'repare teachers through inservice and preservice programs to teacli 
SI metric related training content; and, 

3. Develop and organize SI metric education training programs to meet 
the needs of students, workers, trainees, and consumers. 

Factors Affecting Metric Education Implementation 

The basic problem of vocational education teachers and curriculum developers is more 
one of determining what SI metric content to teach, rather than what is the best way to 
teach SI metrics. This series of concerns focuses on: 

1. Identifying the appropriate SI metric content for each occupational 
training area; 

2. Determining the emphasis to be given to SI metrics in each training 
program at this point in time; 

3. Analyzing what changes will actually take place in the te?iching 
content of an occupational area regarding — 

a. Measurement related content changes, 

b. Changes in trade related product and engineering standards 
used , and 

c. Revision of trade related practices and work procedures. 

4. Defining the timing of metric implementation scheduled for each occupational 
field and related areas; - 

5. Maintaining the pace of training to match the metric implementation 
needs of industry; and, 

6. Determining to what extent vocational metric education efforts can 
lead the metrication efforts in each occupational area. 

Impact on Vocational Education 

It should be recognized that the impact of metricaticup on business and industry will 
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not bo Che same acruMM all occupations. This Irt also true for vocational education 
instructional pM-ograms in wliich studonts will bo roquirGd to be familiar with only selected 
aspects of the SI metric system, and develop measurement skills appropriate to the occupa^ 
tion for wlUch they are being trained. It may be necessary for vocational education 
teachers and curriculum developers to maintain, a perspective of general occupational needs 
in order to accurately assess tlie impact of metrication on tlie content of their teaching 
area. To illustrate this point It is Important to remember that: 

1. The range of semi-skilled to teclmical occupations represented in 
the variety of vocational education programs means tliat there will 
also be great variance in tlie impact of metrication on specific 
vocational education subject areas; 

2. Tlio impact of metrication on a specific occupational training 
program will depend on how much of the present trade content is 
considered measurement sensitive; 

Ti. The impact of metrication on a speciftc occupational training 

program will depend on how much of the SI metric content is con- 
sidered nev; occupational trade content; 

The impact of metrication on a specific occupational training 
program will depend on liow mucli of tlie content related to 
industry product and engineering stan^'nrds, and trade practice 
Is subject to cliangc; 

The impact of metrication on a specific occupational training 
program will depend on the time frame or schedule establislied 
to guide the metric transition in tliat industry; 

The impact of metrication on a specific occupational training 
program will depend on the extent to which adopted metric stan- 
dards practice is considered to be a "hard" or "soft" metric 
convers ion ; and , 

The availability of SI metric sized and designed materials and 
equipment based on accepte.' SI metric standards and changes in 
industrial practice may be a problem in implementing vocational 
metric education programs. 

Determining Metric Technical Content 

Vocational educators are well aware of the importance of using the real world of 
business and industry as the reference point for determining curriculum content and estab- 
lishing training program requirements. This same concern holds true in the development of 
vocational metric education programs. The analysis of metrication efforts in business and 
industry will provide the vocational teacher and curriculum developer with specific content 
suggestions based on a; 

^-1. Determination of the impact of metrication on each occupational 
- . • area ; 

2. Establishment of a time frame within which metrication plans will 
be implemented; 

3. Definition and development of occupational related SI metric pro- 
duct and engineering standards, and changes in trade practice; 

U, Identification of occupational areas requiring SI metric instruction; 

5. Development of the specifications for SI metric instructional materials 
required; and, 
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6. Implomt'iUaL I{)M of SI tnoLric oduciition efforts (n appropr l/ite 
amounts to various levels of business and Industry personnel. 

Voc a 1 1 ona_l^ "^.^p^ ^ ^ ^ ^_ Orie ntatio n 

The success of vocational metric education efforts will be keyed to vocational 
teachers who are well versed in SI meLrics and current industry metric developments. Much 
to their credit, there are individual teaciiers wiio have developed this technical competence 
on their own. >fany teachers are also participating in the ever increasing* number of pre- 
service courses and Inservice workshops that are available to tliem. 

Tlio participation of teachers in these experiences will provide them with an: 

1, Orientation to what the process of metrication v/ill really involve; 

2, Understanding of the basic SI metric system and its use; 

3, Awareness of St metric as it will affect them as consumers; and, 

A, Perspective of current metrication efforts in industry. 

These types of metrication efforts have mnde a preat conLribution in stimulating teacher 
interest in SF metrics. But, due to the slow progress being made in the United States 
metrication effort, there is not sufficient information to prepare the vocational education 
teacher to take the next step and develop fully occupational related metric content needed 
for tiieir students. There are at tliis time only limited guideposts available to help 
vocational education teacliers implement a series of specific SI metric content changes in 
their training programs. 

Na tional M e trication Program 

Ctranted the problems of wrestling witli the unknoi^Tis concerning metrication in the 
United States are not just unique to vocational education teachers. We share the frustra- 
tion of waiting for tlie establishment of a commitment to metrication in this country through 
federal legislation. 

The present state of limbo that metrication is in places severe constraints on the 
teaching of SI metrics and specific trade related metric content. In this confusion, 
vocational educators who must draw their teaching content from trade practice are waiting 
for more progress to be made in business and industry sectors. Business and industry appear 
to be holding up their metric decisions waiting for a formal nation.al commitment to metri- 
cation. The Congress is waiting for something also, but no one is really sure what that is. 

With the passage of federal metric legislation a defined schedule and pace for 
metrication can be implemented. I'fhen it is established where and wiien we are going in 
metrication activities, the specific business and industry related trade practice decisions 
will be made. This information will form the basis for defining vocational education SI 
metric teaching content. 

At the present time there are three options open concerning the establishment of a 
national policy on metrication, these include: 

1. Passage of metric legislation which provides planning, coordination, 
and a fixed period of time for the transition to metrics; 

2. Passage of metric legislation which provides planning, coordination, 

but no fixed time period in which to complete the metric transition; 
hnd , 

3. No metric legislation approved and metrication efforts continue in an 
unstructured manner over an indefinite time span. 
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The Uu-lmoloivv as';<*?iHi;u-jU pro.joct , NSK/i^ANiN ^'oirlc Convurslon iUudy, huiiip complotod 
at thii Unlve.rslr.y of Mlniu'sota will prc'SiMit n coinpriMu'Uslvc aiuilysls i)f tho probloiiis .-intl 
coiuilt'on.^ evldLMit In tiu?*iQ throe options. Tiu» proTilomn related to tUv tlmlnj; nf tlio 
metric transition will vary for vocat I ur.a 1, etliicators accord inj,» to tlio pace of Industrial 
in».}Lrlcatlon. The estahlL^iunent of a natloivU «ciiedultf uMil sot tho tlmo span In wiiioii 
presorvlce and Inservlce teacher training is tio tako placo, appropriate instructional 
,matori.al.s duvelopcd, and initial vocational motric education programs iau^;ht . 

In attempting to establish the need for vocational metric o(hicatlon pro^.ranis, dcsl^;n 
nroe.ram«, train teacliers, and develop instructional nuteriais tiiere are Important advantap^es 
to iiaving detailed metrication plans coverinf'. specific time periods. The absence of struc- 
tured metric planninj.', for j;overnment, and business and Industrial metrication efforts places 
the voo.atlonal teacher and curriculum developer at a disadvantage in designing and imple- 
menting, metric education proy-'jrams. 

K>:perie.m:ea \%'lth ti\e current metrication effort in the United States can be summar i^.od 
in term*; of :;ome of the primary concerns of vocational education teaciiers and curriculum 
developers, fleneral recommendations indicate the need for vocational educators to: 

1. Develop a working knowledge of the SI metric system; 

2. Adopt accepted math/science education techniques for teaching 
measurement related content ; 

3. Determine the appropriate technical levels and amount of metric 
related instruction required in their teaching area; 

A. Analyze the actual industrial SI metric content that Is relevant 
to their vocational program objectives; 

5, Update vocational program teaching content based on adopted 
metric product and engineering standards, and revised industry 
trade practice; and, 

6, Determine the pace of industrial metric implementation programs 
and the timing required to provide vocational metric education 
programs to meet the needs of students and Industry. 

There are some procedures that would be helpful to vocational education teachers in 
meeting their metrication objectives. Some of these suggested activities include: 

1. Eistablishment of a metric practice advisory committee for their 
vocational program. In this effort charge existing program com- 
mittees with this responsibility, or create special groups to study 
what needs to be done; 

2. Identification of industry and trade association, and metric 
information publications that will give teachers an accurate 
picture of .current metric developments related to their trade 
area; 

3. Determination of industrial metric Information which is the adopted 
practice of individual local companies and that which is considered 
general metric practice for the industry; 

4. Creation of criteria to guide the selection of commercial 
instructional materials, or the development of teacher design or 
metric teaching aids and applied measurement activities; and, 

5. Preparation of questions on annual follow-up surveys of vocational 
program graduates to determine the extent to which they are 
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:)t'Vi? lopiHL'nt ol qu.ilitv rni'Mu; rdiu.itlon proi'.i -ifn-; '.'111 piovltK" .« suhsl ant hi I c li.i 1 I fiu't' 
tor voc.U ioiui 1 rducaLor^; ovim' tho i-omUiu', Vtwr-;, Ai; in Indui.trv* tin- m.'lrlr t r.in«; 1 1 iotj will 
alsi) provltif AW opportuuitv to fxamini' ollu;r pr.ic t i ^cs in th»' iirhl lh.it jihiuiUl be ri-vlsi'il 
III Dfili!!* to in;pruv»* t- f f i c i I'tuiy ;uul fjualitv tU* i lu' ir.iiniiw; ptonr.uns . Sufh (mproviMTU-nt, » 

miv.lit Involve inj;l.rm:tor Lraininn prartlcrSi uppra^liiu', ^^tninu- iLH-hnitMl 0(M>tL'nL, npdatinj: 
Job tralnlnp. rerju i rfmenL s , st\i<{t'nt p 1 acfrncnL anti tollcnv-np pi'oeiHli.irus , and tl\i' skill 
train in}.' aotivltli's prtjvided to sLudtMUs, 'lo in sun,' tht.- c(.»ril IuulhI sucmm'sw of vocational 
prov.ram gradnatus on llu' )ob, vocal ional educator:, will ni-ed to inL-et tiiolr t,d) I i p,at I (Mi lo 
provide appropriate U'Vv.-ls of niotrlt: oiliication nov./, and a 1 rio proparo lo devv-lofi c(Miip lete 
moLrlcation proi'rams as tlu'V are rtMpiln-d l)y job deinand.'i, 
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WHAl CAN WK l.r.AHN FKUM Tllf IlNM-i ': \N ''TKA:. 

i'X!'i:kikni:ks in Ml'llUr kd; . t 

Albert IK ('haiuj)Hk.y 
Anirrl^MM InntiintiM; ftM' Kivu., . >' l» 
Hox 1) 1 i 
l\Uo Alt o, I 1 1 ornl.i !U in;! 



As Viiu wi»n know, tin- IJnlti'ii SLitcji Is l.iMt In t lu» lino ol . ' it Ions ronver I hu', to 
till* m()<!t»rniz(>a motrlc* sy Mtt«m--i; 1 . While Ihif! 1?^ a jumnM- o\ com. i • t. :auw, iuul rlRhllully 
HO, Lhen- is .W, liMML uno .Mlvant to l)olnr, .»t lUc tall iMul of a » '•.'i' caiu It wo .iro 
wlso, pri)flt rt»**^''»t;ly fri»m t lu' oxpor loncos of othor counLrios, pari:. iliose that- have 
bf^un the procoMM of mot r leal Ion iliiriiu*, rc'i:t«nt yoars. Il waH with i. . 'MkUo uppermost 
thai Iho Metric. Studios Contor wa.s ostah 1 i shed at the Amorican Insli. ■ - Kor,oarcli in 
P.'ilo Alto, Callfornl.i. Kor the past juworal years, wo luive malntaine/. * • ;'vo communica- 
tion re^ardlnv» metrlo convorsion with a variety of ^jniircoH in Knj'lniul, A . 'la, New /'.oaland 
South Africa, and (:ana<la — all of which are now heavily committed to j^oln. : i 

Our work has boon aided greatly by the National Institute of Kducat loi: wh h has 
sponsorod two A.I.K. studies conceriied with capitalizing on the metric educa: '^n i- -iper I ences 
of other count r lei;. The first study consisted of a general review iind analys.. metric 
conversion fn education In the five countries metitloned previously. It InvolvcL* . intensive 
literature search and a survey of some seventy overseas organizations concerned with metric 
conversion In general or with metric education specifically. The second study focused on the 
Inservlce teacher training experiences in Kngland and Australia and thnir impllcatlo i for 
educators in tfie United States. The primary sources of information for this study we 
Interviews with representatives of teachers* centers .and other educational agencies in 
Kngland and with cognizant staff of selected State Departments of Education In Australia. 

My remarks today are based largely on the results of these two projects..-^ In keep in, 
with the purpose of this conference and the limited time available, I would like to focus on 
the experiences of English and Australian educators that are especially relevant to classro* -n 
teachers in this country, in their efforts both to cope with metrication themselves and to 
Introduce ST into their teaching activities. 

First, a brief note on the background of metric education in Britain and Australia. In 
Britain, the decision to convert to the metric system was announced in 1965; however, it was 
not until 1969 that a Metrication Board was established. A general overall target date of 
1975 was set for becoming substantially a metric country — a goal now officially recognized 
as unattainable. No firm schedule was set by the Board for educational conversion, however. 
Rather, schools were merely exhorted to keep fully informed of developments throughout the 
country and to keep pace with or exceed the Industrial conversion schedules. It appears that 
both the teachers and the educational system In England have kept well ahead of the general 
metric progress of the country. 

Australia made its decision to convert in 1970 and in that same year its metric 
conversion board began operation. In general, the schedule called for the years 1973-1975 
as the time of major implementation, with a target of 70 percent completion by 1976. In 
education it was planned that the curricula in primary schools should become fully metric 
early in 1973 and that a start in metric conversion should be made in secondary schools as 
soon as possible, with the aim that secondary schools be solely metric by the start of the 
1974 school year. At the post-secondary level, the schedules were not so optimistic, 
particularly in the technical areas. Nevertheless, it v'as assumed that the institutions 
beyond the secondary level would be primarily metric by 1976. It appears that the Australian 
metric conversion program in general, and education in particular, has been on schedule or 
perhaps slightly ahead of schedule. The smoothness of the metric conversion program in 



For a complete discussion of the findings from both projects, see Chalupsky, A.B., Crawford, 
J.J., & Carr, E.M. Going Metric: An Analysis of Experiences in Five Nations and Their 
Implications for U.S. Educational Planning . Palo Alto, Calif.: American Institutes for 
Research, 1974; and Chalupsky, A.B., Crawford, J.J., Carr, E.M. , & McDonnel, P. Metric 
Inservice Teacher Training: Learning from" the English and Australian Experience . Palo Alto 
Calif.: American Institutes for Research, 1975. 
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Aif-tr-ilit I. .I-.- if. .... •..ill } III I.' I Ir-.-uMv. MifV h-tvo U-.u'nt-^! it^n rh^:M-lv ob'irrvinK 
t h.- Hi t t i I..iv»< ^1 .'lu' . 

hi- ^'VtUip,.,! irj -lis v.^ I ! >• I irr i . : 

(1) - K-i'i'f.'iM i lu' I St ,iU'^»' tf >ii,nuM', 

(U lrf;.h.r«ls iM) »■ t ! I i » . -ririMii I i. ,i t i * mi . 
(•♦) <U'iu'r.iI t'M' iiiiu; St r.ii it';; . 

(it) :;<'W rli.ill I'Mv.i's I'iir itMilu'Ts. 

\, 

M.inv U'.blu'rs» p.irM.nlirl V t>ltU'r, mov*' I'xpor Iimu'»hI (hu-s, will li.ivi* uniu*r*»:Asary 
I'cars ami .l.mhr a', .mji UmmiIiu', SI ami will n'Mulri' rt-assuraiUH' ami si'Pp^^rl . If not doalt 
with promptly, tlu'si» TiMrs i/an sorlously rodur** tho of t'l-ct Iveiu'sn of toacluM' iralnLiiR. A 
iiPiH'ssarv .i'lnpomMit of staff trvilnlnv. nmst In* an Initial awarcui'ss unit outlining', the numl 
for iv>inv; KU'trlt-; ItltMUlfyhn'. tin-' major offi'cLs on tlu' cnnntry In ^;oneral ami on LuacluTs 
In partlfular; d I sciiMsi I m* iMch soun-o of anxLoty and how to copi' with It; viml above all, 
di.'nionsl rat Inv. ili" basK- slmpllrltv of dlriuzt nu'a;Jur omont In the motrU: systi^n. 

Iinnort.nice of -^'i'' ( !njiun 1 1 n i r y t n vo 1 v I'mi'n t 

Till' ni'L'd for motrli' awar».MU»?is and ihv umlorsiand Inyi; of why thu U.S. Is go inR metric 
oxttMids far boyoml llu' loarli Inr. ^profoss Ion . Coirniumlty awarcnuss, and parental awareness In 
particular, will h.'Jve a major i,mpaL*t on school operations. Hecaiise schools will without 
doubt be in the vauKO-ird of th'j metrication movement, teachers can expect occasional backlash 
reactions from parents, r.arly public awareness campaigns will be helpful. Novcrtheit^ss , 
teachers can expect more frequent parent conferences. School district will need to prepare 
parents and demonstrate the ease and benefits of Si. As in the early days of modern math, 
many pa rent r. will be frustrated If Lhey are unable to help their children with class assign- 
nients. On the other band, students themKel.ves present potentially effective agents for. 
etlucatinj', parents in the metric system. Australia made nn obvious attempt to enlist school 
children in the campaiRn to educate parents. Educators may well need to develop a combination 
of approaches to assist In parent education. 

One example of an on^-oin^ metric pro^;ram with special attention to community awareness 
Is "I*r(v]ect Metric" of tlie Wayne-West 1 and (MichlRan) School District. Under the direction of 
a community Involvement ai;ent, meotlnj;s and workshops have been held with local clubs, 
organ Uat ions, and church groups. Businesses, stores, and banks ,ire being encouraged to 
participate bv arranging metric exhibits, displaying posters provided by the project, and 
distributing metric handouts. Culminating the first year's activities was a ''Metric Week" 
at a major shopping center consisting of exhibits, contests, bake-off, and even a metric 
fashion sliow. "Metric Weeks," by the way, have occurred In several areas of the U.S. and 
we will no doubt see more of them In the months to come. They are an intriguing vehicle for 
Raining community awareness and for strengthening the linkage between education and business 
in the conversion process. 

Kmp has is o n Kff ectivo t'_t;j]^iUVU;-iyj~ 

As our metrication program moves along, teachers will need to be kept informed of news 
at the Federal, state, and local levels. Lack of information can be very disruptive to 
teachers, expecially in the early stages when the rumors thrive. Judging from overseas 
experience in metric education, as well as experiences gained in similar situations in the 
U.S., it will be a mistake to assume that the metric memoranda and other publications 
distributed to State departments of education, school districts, or even to Individual 
schools, will automatically and expeditiously be delivered to the teachers most concerned. 
Some method of communicating directly with teachers on a regular basis merits early 
consideration. 
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One way to cornnmnitMtc to tencliers as well, as to parents is by a periodic newsletter. 
Such a vehicle can serve both to inform and to educate at: relatively littJe cost. Attractive 
newsletters are an important part of the Wayne-Westland project 1 mentioned previously, as 
well as the metric projects being conducted by the school district in Winston-Salem, North 
Carolina and in Bismarck, North Dakota. Based on our own experience, it is clear that 
teachers find such n»^»;jletters valuable. Since last summer our "etric Studies rienter has 
been publishing a bimontlily metric newsletter for educators, the Metri-Gram . The enthusiastic 
reception on t{;e part of teacliers and administrators is an obvious expression of this need to 
be kept informed. 

Another area whicli could easily be overlooked in metric *.^ducation is the need for wide 
dissemination ol ocfct:i:iV' "r.-.ir.lng ;:r;;: '::n.s rind irtatcrials. Th^ Lull benefits of expensive 
developmental efforts can bt* frustrated by false economy in the dissemination area. All 
teacliers concerned need tc> be provided ample copies of appropriate metric materials, for their 
own cdiicat iDn as well as for use In tlie clasKrooir.. In order to mO this, however, we will 
need to conduct adequate evaluations of programs and materials. I will mention more about 
evaluation later. 

General Teaching Strategies 

At the risk of overlapping some of the previous speakers, I would like to touch briefly 
on three general strategies wMch merit consideration for teacher training: short activity 
sessions, teacher development cf metric materials, and teacher training using student 
exerc ises . 

i>liort Activity Sessions . Strong support was voiced by our overseas interviewees for 
scheduling a series of relatively brief training sessiorts wiiich would allow teachers to 
practice their newly acquired njetric skills, trying them out with students, and then returning 
for additional /j-raining. Follow-up sessions should emphasize evaluation, discussion, and 
refinement of techniques. Of particular importance is active learning encompassing direct 
estimates of the length, mass, volume, etc., of common objects. A good deal of practice 
should be provided for making these estimates and then checking them by actual measurement 
in order for the teacher to gradually "think metric." Teachers should be encouraged to 
measure themselves, their rooms, and familiar objects. Small-group discussions of problems 
will be much more effective than large-group lectures. 

Teacher Development of Metric Materials . One of the problems confronted by overseas 
educators which is also occurring in this country is the early flood of metric materials 
including many items of poor quality from' the standpoint of technical accuracy, construction, 
or learning effectiveness. Unfortunately, technical assistance in identifying high quality 
materials may not be readily available to all teachers in the early stages of metrication. 

Overseas training programs have taken advantage of this problem and have stressed 
teacher development of materials as an important training strategy. During the course of 
Inservice training, the learning of SI can be deeply ingrained by designing and constructing 
simple teaching aids to SI specifications, with considerable savings in expenditures for 
truly relevant, instructionally useful materials. The same strategy can be used, of course, 
in teaching children to think.-metric and the results of these efforts can then be taken home 
to help the parents learn SB. We have included several examples of construction plans for 
metric materials in the report on metric inservice teacher training which we recently 
published. 

Teacher Training Using Student Exercises . The construction of metric materials isn't 
ilhe only exercise that can be of use to both teacher and student education. Since teachers 
often teach the way tliey themselves are taught, there is a widespread feeling that teachers, 
especially those at the primary level, should gain experience with metric units through the 
same learning activities used by children. 

Problems to Avoid 

Conversion to SI without doubt will raise a number of problems — not unsurmountable ones, 
but problems nevertheless. Hopet'ully, by anticipating their occurrence we can take steps 
to eliminate them or at least minimize their adverse effects. Three general problems come to 
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mind as particularly (Jesorving of teacher attention in planning for metric education: 
cechnical inaccuracies, exact conversion, and unnecessary precision. 



Technical Inaccuracies . As mentioned previously metric instructional materials produced 
under pressure to meet the rapidly expanding demand are likely to contain a variety of errors. 
This has been the experience overseas and a similar situation is already occurring in this 
country. Such a statement is not : -ended as a wholesale condemnation of commercially 
developed metric materials. On tiiL •:trary, there are many examples of !iigh quality 
commercial materials. Uliat I am suggesting is for school systems and teachers to take special 
care in the screening of materials purchased. Ideally, large-scM-te evaluations, broadly 
communicated to schools, could provide a t.:.seful guide to educators and a positive influence 
on materials production. Hopefully, school systems accross the country can work together on 
sucli an ef f ort . 

i am convinced that school districts and teachers are rea ly for large-scale joint 
efforts in the evaluation area. Since last year we have been making available to schools in 
the area surrounding our Palo Alto facility a collection of metric instructional materials, 
supplied tlirougli tiie courtesy of a number of producers. In return we ask teachers to apply 
our preliminary evaluation forms in assessing the materials. Ue are using the results of 
these appraisals as a basis for improving our evaluation procedures. In addition, they will 
sorve as a reservoir of information on the strengths and weaknesses of various metric aids. 
We have also been in touch with a sizeable number of teachers across the? country who have 
indicated their interest in working togetiier to share their experiences in using metric 
instructional materials as well as in collaborating on other communication efforts. 

The proneness for error in metric materials should be a signal for teachers tl:emselves 
to take special precautions in their own teaching and materials development. No matter how 
expert we may feel in the metric system, most of us as yet have not fully internalized SI. 
Vie have yet to develop the degree of "feel" that we have gained for customary units after 
living with them all these years. Educators would be well advised to keep handy an 
author it. '.it Lve metric practice guide such as the U.S. Department of Commerce publication 
:>'BS 330. 

Exact Conversion. The teaching of exact conversions between customary units and Si 
should be minimized, or better vet, avoided altogether. Familiarity with approximate 
equivalents will normally :,uffice, but where absolutely essential, the use of conversion 
tables or devices should fill most needs. Our overseas contacts repeatedly stressed that 
conversion exercises confuse the student, create a false complexity with respect to SI, and 
on tlie whole tend to maintain the customary system as the primary system. 

Unnecessary Precis log . The striving for unnecessary precision is also an error to 
which we can easily fall prey. How often have students been appalled by the fact that .one 
prund equals 453.592 grams or that one mile equals 1.609 kilometers? The ability of (decimals 
to indicate apparently greater precision simply by adding another figure is an attractive 
trap oven for tIn;)Se who sliould know better. 

Nev/ Challenges for Teachers 

During the course of metric conversion in the countries studied, the teachers have been 
presented with the opportunity to expand their role in the community and assume greater 
responsibilities for adult education. Metric conversion in the U.S. will no doubt offer 
similar challenges. Schools will very likely be called upon to provide additional courses 
for adults. ifere, teachers of all specialties can contribute, not just math and science 
experts. The talents of home economic-s and industrial education instructors will be of 
special help in community education. Teachers skilled in Si will be needed to serve as 
trainers and consultants, particularly for small businesses. On a more subtle level, 
parent-tearhor association meetings and other school functions can be instrumental in setting 
the neighhoriiood tone toward SI. Even more- important but likely to be overlooked is the role 
tliat students can and will play" in educating their parents. The attitudes and practices of 
teachers, m; reflected tliroiigh' their students, will do much to convince parents to support or 
resist metric conversion. 
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conferknci- PROCIW! 



SUCCESSFUL KXPKRIENCES IN TEACHING METRIC 

Red Auditorium - National Bureau of Standards 
May 20-21, 1975 



Tuesday, May 20, 1975 

OPKNLNC SESSION - Moderator; -Jeffrey V. Odom, Chief 

Metric Information Office 
National Bureau of Standards 



Welcoming Comments: 

Dr . Malcolm E. O'Hagan, Executive Director 
American National Metric Council 

Dr. Richard W. Cortright 

Instruction and Professional Development 

National Education Association 

Keynote : 

"The International System of Units" 
Dr. Richard W. Roberts, Director 
National Bureau of Standards 



SESSION t - Moderator: Dr. Arthur Livermore, Acting Director 

American Asso. for the Advancement of Science 



"Importance of Metric Education" 
Dr. Floyd A. Davis, Project Manager 
Metric Education Program 
U.S. Office of Education 

"Principles and Practices of Teaching the ?Ietric System 

in Public Schools" 
Dr. George Bright, Assistant Professor 
Mat!iematics Department 
Emory University 



SESSION II - Moder.mor: Dr. Richard W.. Cortright 

Instruction and Professional Develop^^ent 
National Education Association 



General (Elementary) Education 
Mrs. Lou Smith and Ms. Lori Clements 
Cresthaven Elementary School 
Montgomery County, Maryland 

Library 

Ms. Purnell Lawrence, Librarian 
Bunker Hill Elementary Scliool 
Washington, D.C. 

Audio/Visuals 

Mr. Niles F. Calhoun, Mathematics Coordinator 
Mississippi Authority for Educational Television 
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SESSION ill - Moderator: E)r. James Dates, Executive Secretary 

National Council of Teachers of Mathematics 

Mathematics 
Dr. Stuart Choate 
Open Schools 
Pontiac, Michigan 

Science 

Ms. Barbara Logan, Field Agent 
University of Delaware 

Games in Teaching Metric 
Dr. Cecil R. Trueblood 

Associate Professor of Mathematics Kd.acation 
Pennsylvania State University 

SESSION IV - Moderator: Ms. Mary Marks, Chief 

Curr.icui.um Development Branch 

Bureau of Adult, Vocational and Technical Education 
U*S. Office of Education 

Inservlce, Vreservice Teacher Training 
Dr. John Lindbeck, Director 
Center for Metric Education and Studies- 
Western Michigan University 

Dr. Philip Larson, Associate Professor , 
Natural Science Division 
Western Michigan University 

-o-rr-j^ins Metric to the Blind 

■ . . re Nadash, M.E., Consultant 

,Tesident, U.S. Metric Association 

Sports and Physical Education 
Mr. Fred Burgee 

Frederick High School, Frederick, Mary.'^.And 

Univers i ty Experience 
Dr. Jolm M. Flower*?. ' Director 
Project for Metri.: Rerscrarch 
University of Southern Mississippi 

Wednesday, May 21, 1975 

SESSION V - Moderator: Mr. Louis Sokol, President 

U.S. Metric Association, Inc. 

State Education Agencies 

Mrs. Audrey V. BuCfington 

Specialist in Mathematics 

Maryland State Department of Education 

Local Educational Agencies 

Dr. Thomas Rowan, Mathematics Supervisor 

Montgomery County Public Schools, Maryland 

SPECIAL PRESENTATION 

Senator Claiborne Pell, Rhode Island 

"Metric Conversion and tlie Congress" 
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SESSION VI - Moderator: Mrs. Catherine Lelsher* Executive Secretary 

Home Economics Education Association 



Home Economics 

Dr. C.linita A. Ford, Director 

Div. of Consumer Science and Home Economics 

Florida A&M University 

Industrial Arts 

Dr. Eugene M. Schanbacher, Associate Professor 
Industrial Education 
Murray State University 

Vocat ionn L 

Dr. Richard A .■ Dief fender fer , Research Specialist 
Center for Vocational Education 
Ohio State University 



SESSION VI [ - Moderator: Mr. Roy E. Clark 

Metric Information Office 
National Bureau of Standards 



Learning from the Experiences of Other Countries: 
Canada: Mr. Jack Bell, Ministry of Education 
' Toronto, Canada 

"What Can We Learn from the English and Australian Experience 

In Metric Education" 
Dr. Albert B. Chalupsky, Director, Metric Studies Center 
American Institutes for Research 

Concurrent Activities: 

I. .Tour of Measurement-related Standards Laboratories 



II. Workshop on Proper Metric Practice for Education: 
Mr. Louis E. Barbrow 
Metric Information Office 
National Bureau of Standards 
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BTOCRfXPHIES OF SPEAKERS 



GEORGE W. BRIGHT is Assistant Professor in the Department of ^tathemntics at Emory University, 
He has received a B.A, and M.A. from Rice University in mathematics and a Ph.D from the 
University of Texas in mathematics education. Dr. Bright has authored numerous articles 
appearing in The Arithmetic Teacher , School Science and Mathematics , Instructor , Today's 
Education , and Issues in Education . He has made presentations and conducted workshops at 
national and regional meetings of the National Council of Teachers of Mathematics, School 
Science Association, and U.S. Metric Association. He is a member of the state-level 
Georgia Metrication Committee. 

FREDERICK P. BURGEE is Physical Education Department Chairman at the Frederick High School 
in Frederick, Maryland. Mr. Burgee obtained his BS degree from Western Maryland College 
and has been affiliated with the Masters program at that college. He has pioneered in 
metric programs in Frederick and has presented a short course in metric measures to his 
physical education classes, 

AUDREY V, liUFFINGTON is State Specialist in Mathematics for the Maryland State Department 
of Education. She has obtained her A,B. degree from Western Maryland College, 'her M.Ed, 
from Penn State University, and is einrolled in a Doctoral program at the University of 
Maryland. She has had fourteen years of teaching experience in the public schools in 
Carroll County, Maryland, She spent five years as Supervisor in Mathematics in Carrol"*. 
County prior to her appointment at the state level, Mrs, Bufflngton is a' member of 
several educational associations and has conducted metric workshops in 15 states, 
also is tlie author of a six book worktextr series on metric, 

NILES F. (BUDDY) CALHOUN is Mathematics Coordinator for the Mississippi Authority fc 
Educational Television. He obtained his B,S, in Mathematics and M,Ed. in Mathematics 
Education from Mississippi College. Mr, Calhoun is the developer of "The Metric System" 
instructional television series; co-chairman of the Mississippi Committee of the Five- 
State Consortium for Metric Education. He has spoken on metric at many national education 
assoc iation meetings , including National Council of Teachers of Mathematics and the 
National Association of Educational Broadcasters . 

DR. ALBERT B, CHALUPSKY is Director, Metric Studies Center, of the American Insti;:utes f«*Jr 
Research in Palo Alto, California. He received his B.A. from University of Minnesota, an 
M.S. from Purdue University, and his Ph,D, from Purdue University, Dr, Chalupsky has been 
director of two AIR projects funded by the National Institute of Education: "Going Metric: 
An Analysis of Experiences in Five Nations and Their Implications for U,S. Educational 
Planning" and "Metric Inservlce Teacher Training: Learning from the English and Australian 
Experiences ," 

DR, STUART A, CHOATE is Project Coordinator, Field Testing for the Mathematical Problem 
Solving Project of the Oakland Schools in Pontiac, Michigan, He received his B,S, degree 
from the Eastern Michigan University, Masters degree from the University of Michigan and 
University of Detroit, and his Ph,D, from the University of Michigan, He is a member of . 
the National Council of Teachers of Mathematics and serves as a NCTM National Director, 

LORI S, CLEMENT is a classroom teacher at the Cresthaven School in Silver Spring, Maryland, 
She received her B,S, in Elementary Education from the University of Maryland. She served 
as project director for pilot project to teach the metric system as the primary system of 
measurement at her school, 

DR. RICHARD A. DIEFFENDERFER is Research Specialist at the Center for Vocational Education 
at Ohio State University, He has \^^:itten articles on metrication in vocational education 
and conducted research on problems in planning for metrication in vocational education. 
He was formerly on the staff of the U.S. Office of Education funded metric education pro- 
ject conducted at the Center for Vocational Education at Ohio State University, 
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DR. CLINITA A. FORD Is Cliairman, Division of Consumer Science and Technology, at the Florida 
A & M University. She received her B.S. degree in Vocational Home Economics Education from 
Lincoln University (Missouri), her M.S. in Foods and Nutrition from Columbia University and 
her Ph.D. in Nutrition and Biochemistry from Kansas State University. She is listed in 
UHio's Ulio in American Education, Who's iCho of American Women, and Outstanding Educators of 
America. She conducted metric workshops at Florida A & M in 1974 and 1975. . 

DR. PHILLIP T. LARSEN is Chairman of Math-Science-Education for the Metric Advisory Group 
of the Center for Metric Education and Studies at Western Michigan University. He received 
his B.A. degree in Chemistry from Rutgers University, his M. Ed. in Chemistry and Physics 
from Penn State University, and .hisD.Kd. in Science Education from Penn State University. 
Dr. Larsen has served as. Western Michigan University Metric Education Coordinator for the 
Michigan State Departmsno' of Education model. Project Metric, Wayne-Westland Community 
Schools. He is a member uf the Metric Education Referent Group Michigan State Department 
of Education. 

PURNELL W. L\WRENCE is Librarian in the Washington, D.C, public school system. She 
received her education from Cheyney State Teachers College, Howard University, and the 
University of Maryland. She was a member of the Joint Committee of the American Association 
of School Librarians and National Council of Teachers of Mathematics to develop a metric 
bibliography for school librarians. 

DR. JOHN R. I.INDBECK is Director, Center for Metric Education and Studies, at the Western 
.Michigan University. He received his B.S., M.A., and Ph. D. degrees in Industrial 
Education from the University of Minnesota, Dr. Lindbeck is a member of the American 
National Mt-rrjc Council Board of Directors and also of. its Metric Practice Committee. He 
was forme- hairman of the .^NMC Coordination Committee on Education and Industrial 
Training. is the author of a metric book and several articles and has been a speakef 

at numerous metric seminars. 

BARBARA LOCAN is the Science Education Field Agent for the University of Delaware. She 
received her M.Ed, from the University of Maryland <-Tnd is presently enrolled in a doctoral 
program at that school. Ms, Logan is a member of State of Delaware Metrication Board and a 
member of clie writing team for "Introduction to Metric Measurement," a Delaware Department 
of Public Instruction publication. 

ANDRE NADASH is a Vice President of the U.S. Metric Association and Director of its Mid- 
Atlantic region. He was educated in Europe as a Mechanical Engineer. Mr. Nadash is a 
member of the Measurement Technique & Automatic Scientific Association, a subsidiary of the 
Hungarian Scientific Academy. He is a member of Prince George ^s County Public Schools 
Metric Task Force and is active as metric consultant and lecturer. 

CLAIBORNE PELL is a U.S. Senator representing the State of Rhode Island. He received his 
A.B. degree from Princeton University and his A.M.* degree from Columbia University. He has 
served in the U,S. Senate since 1960. He was a sponsor of the Miller-Pell Metric Study Act 
of 1968. {le has sponsored metric conversion legislation in every Congress since the con- 
clusion ot Che U.S. Metric Study, including S. 2483 that was passed by the U.S. Senate in 
1972. He was sponsor of the metric provision in Public Law 93-380, the Education Act of 
1974. 



DR. RICH/\RD W. ROBERTS became the 7th Director of the National Bureau of Standards in 
February 1973. At NBS, Dr. Roberts directed one of the largest, most versatile physical 
science laboratories in existence. The staff totals nearly 3500, over half of whom are 
professional scientists. Dr. Roberts received his bachelor's degree with distinction (1956) 
from the University of Rochester and his doctorate in physical chemistry (1959) from Brown 
University. His professional career began at the NBS where he served as a National Academy 
of Sciences Postdoctoral Fellow (1959-1960). During his tenure at the General Electric 
Company'.? Research and Development Center in Schenectady, New York (1960-1973), Dr. Roberts 
moved from laboratory research .to several successive management positions* culminating in 
his appointment in 1968 as manager of Materials Science and Engineering. 
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DR. THOMAS E. ROWAN 1.9 Coordinator, Elementary Mathematics, for the Montgomery County 
(Maryland) schools. He received his B.S. degree from Frostburg (Maryland) State College, 
his M.A. and Ph.D. degrees from the University of Maryland. Dr. Rowan was a teacher of 
mathematics and science for seven years, served as Mathematics Supervisor, Maryland State 
Department of Education for eight years, and has held his present position since ly/Z. He 
was organizer and lilxecutive Secretary, Citizen^ s Advisory Committee on the Metric System, 
for the Montgomery County schools. 

DR EUGENE M. SCHANBACHER is Professor of Industry and Technology at Murray State Universit 
in Murray, Kentucky. He received his B.S. degree from Northwestern Oklahoma University, hi 
M.A from Northern Colorado University, and his Ed.D, from the University of Missouri. 
Dr. Schanbacher has directed metric workshops and taught metric classes at Murray State 
University. He has been a consultant on many metric workshops and programs and is a fre- 
quent speaker at metric conferences and civic clubs. 

DR CECIL R. TRUEBL001-) is Associate Professor of Mathematics Education at the Pennsylvania 
State University. He received his B.S. degree from Shippensburg (Pennsylvania) State 
College, his M.Ed degree in School Administration, and D.Ed, in Elementary Education trom 
Penn State University . Dr. Trueblood has published workbooks and journal articles in the 
metric activity area. 
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